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Title of the Invention 

Radiological Imaging Apparatus 

Background of the Invention 

The present invention relates to a radiological 
imaging apparatus, and more particularly to a 
radiological imaging apparatus ideally applicable to X- 
ray computed tomography, positron emission computed 
tomography (hereinafter referred to as "PET"), single- 
photon emission computed tomography (hereinafter referred 
to as "SPECT"), digital X-ray examination flat panel 
detector, and similar equipment. 

Radiological imaging is a non-invasive imaging 
technology to examine physical functions and conformation 
of a medical examinee as a subject. Typical radiological 
imaging devices are X-ray computed tomography, digital X- 
ray examination, PET, and SPECT devices. 

PET is a method for administering a 
radiopharmaceutical (hereinafter referred to as a "PET 
pharmaceutical") containing positron-emitting nuclides 
( ls O, 13 N, 1X C, 18 F, etc.), which are radionuclides, to a 
medical examinee, and examining locations in the 
examinee's body where the PET pharmaceutical is heavily 
consumed. More specifically, the PET method is used to 
detect Y" ra Y s that are emitted from the medical examinee's 



body due to the administered PET pharmaceutical. A 
positron emitted from the radionuclides contained in the 
PET pharmaceutical couples with an electron of a 
neighboring cell (cancer cell) to disappear, emitting a 
pair of Y" ra YS (paired Y~ ra Y s ) having an energy of 511 keV. 
These y-^ays are emitted in directions opposite to each 
other (l80°±0.6°). Detecting this pair of yrays using 
radiation detectors makes it possible to locate the two 
radiation detectors between which positrons are emitted. 
Detecting many of these y-ray pairs makes it possible to 
identify the locations where the PET pharmaceutical is 
heavily consumed. For example, when a PET pharmaceutical 
produced by combining positron-emitting nuclides with 
glucose is used, it is possible to locate carcinomatous 
lesions having hyperactive glucose metabolism. The data 
obtained is converted to individual voxel data by the 
filtered back projection method, which is described on 
pages 228 and 229 of IEEE Transaction on Nuclear Science, 
Vol. 21. The half -life period of positron-emitting 
nuclides ( 15 0, 13 N, 1X C, 18 F, etc.) used for PET examination 
ranges from 2 to 110 minutes. 

In PET examination, Y~ ra Y s generated upon positron 
annihilation attenuate within the human body so that 
transmission data is Imaged to compensate for Y~ ra Y 
attenuation within the human body. Transmission data 



imaging is a method of measuring the y-ray attenuation 
within the medical examinee's body by, for instance, 
allowing y-rays to enter the examinee's body using cesium 
as a radiation source and measuring the radiation 
intensity prevailing after penetration through the 
examinee 1 s body. The PET image accuracy can be enhanced 
by estimating the y-ray attenuation within the examinee's 
body from the measured y-ray attenuation rate and 
correcting the data derived from PET examination. 

A method for increasing the PET examination 
accuracy is described on page 15 of Medical Imaging 
Technology, Vol. 18-1. This method is used to insert a 
reflection plate into a crystal, acquire the information 
about depth with a DOI (Depth-Of -Interaction) detector, 
and reconstruct the image according to the acquired 
information to improve the image quality. For the use of 
this method, it is necessary to use a radiation detector 
that is capable of acquiring the information about 
radiation detector's position in the direction of the 
depth. 

However, the use of a DOI detector involves image 
deterioration, which is caused by a decrease in the 
amount of signal transmission substance. When, for 
Instance, a 5 mm square BGO scintillator is used, 
approximately 200 photons are generated to function as a 
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signal transmission substance when there is a 511 keV 
incident y-ray. However, when photons are partly 
reflected by a reflection plate as in the use of the DOI 
detector noted above, the amount of signal transmission 
substance decreases . When the quantity of signal 
transmission substance reaching a photomultlplier tube is 
N and the incident y-ray energy is E, the energy spectrum 
spread o can be expressed by equation (1). 
a = E/Vn (1) 

Therefore, when the value N becomes smaller, the 
value a increases to spread the energy spectrum. When 
the energy spectrum is spread, the correlation between 
the incident y-ray energy and the signal generated by a 
DOI detector is impaired. As a result, this makes it 
difficult to accurately measure the incident y-ray energy. 

If incident y-ray energy measurements cannot be 
accurately made, it is difficult to remove scattered 
radiation contained in Incident y-rays. In PET, the 
signal output from a radiation detector is passed through 
an energy filter for scattered radiation removal so as to 
detect only y-rays that have a specific energy level or 
higher. However, if the energy spectrum is spread and, 
for example, the radiation detector signal output 
generated by 511 keV y-rays cannot be differentiated from 
the radiation detector signal output generated by 300 keV 



Y-rays, it is necessary to use an energy filter rated at 
300 keV or lower. In this instance, 300 keV or higher 
scattered radiation is also measured so that the amount 
of noise Increases . This can cause PET image 
deterioration . 

SPECT is a method for administering a 
radiopharmaceutical (hereinafter referred to as a "SPECT 
pharmaceutical" ) containing single-photon-emitting 
nuclides ( 99 Tc, 67 Ga, 201 T1, etc.). which are radionuclides, 
and glucose or other substance that gathers around 
specific tumors or molecules, to a medical examinee, and 
detecting a y-ray emission from radionuclides with a 
radiation detector. The energy of Y~ ra Y emission from 
single-photon-emitting nuclides, which are frequently 
used for SPECT examination, is approximately several 
hundred keV. In SPECT, a single y-ray is emitted so that 
the angle of y-ray incidence upon a radiation detector 
cannot be determined. Therefore, a collimator is used to 
obtain angular information by detecting only the Y" 
radiation incident at a specific angle. The SPECT is an 
examination method for detecting Y-^ays generated within a 
medical examinee's body due to the SPECT pharmaceutical 
for the purpose of identifying the locations where the 
SPECT pharmaceutical is heavily consumed. The data 
obtained is converted to individual voxel data by the 
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filtered back projection or like method as is the case 
with PET. It should be noted that transmission Images 
may also be generated in SPECT. The half -life period of 
99 Tc, 67 Ga, and 201 T1, which are used for SPECT, is longer 
than that of PET radionuclides and from 6 hours to 3 days . 

X-ray CT (computed tomography) is a method for 
exposing a medical examinee to radiation emitted from a 
radiation source and Imaging the conformation within the 
examinee's body in accordance with radiation 
transmit tance in the examinee's body. The intensity of 
X-rays passing through the examinee's body, which is 
measured with a radiation detector, is used to determine 
the coefficient of linear attenuation within the 
examinee's body between the X-ray source and radiation 
detector. The determined linear attenuation coefficient 
is used to determine the linear attenuation coefficient 
of each voxel by the aforementioned filtered back 
projection method. The resulting value is then converted 
to a CT value. 

A flat panel detector is a flat radiation 
detector for use in digital X-ray examination, which is a 
digital version of conventional X-ray examination. Being 
equipped with such a flat radiation detector instead of a 
conventional X-ray film, a flat panel detector imaging 
device detects X-rays passing through a medical 



examinee's body, handles the information about 
attenuation within the examinee's body as digital 
information, and displays the digital information on a 
monitor. The flat panel detector imaging device does not 
require the use of X-ray film or other media and displays 
an image immediately after image exposure. 

For maintenance of examination accuracy, all 
these radiological imaging apparatuses require their 
radiation detectors to be subjected to detection 
efficiency calibration at periodic intervals of, for 
instance, three months. The radiation detector's 
detection efficiency deteriorates with time. However, 
the deterioration characteristic varies from one 
radiation detector to another. It is therefore necessary 
to determine the detection efficiency of each radiation 
detector on a periodic basis. In PET or SPECT 
examination in which the number of photons incident on 
each radiation detector is measured, correct measurement 
cannot be made if the detection efficiency varies from 
one radiation detector to another. Therefore, the 
detection efficiency of each radiation detector is 
determined beforehand, and the value of each radiation 
detector is multiplied by the reciprocal of the 
determined detection efficiency value in order to 
compensate for image deterioration resulting from the 
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detection efficiency variation of radiation detectors. 
In X-ray CT or flat panel detector examination, on the 
other hand, the X-ray intensity is detected by radiation 
deteqtors; however, intensity measurements need to be 
corrected if the detection efficiency varies . 

As explained above, the use of radiological 
imaging apparatuses entails an enormous amount of time 
and labor because they require their radiation detectors 
to be checked for detection efficiency variation in order 
to maintain examination accuracy. 

Summary of the Invention 

It is an object of the present invention to 
provide a radiological imaging apparatus that determines 
the locations reached by radiation with increased 
precision and enhances the accuracy of images to be 
generated. 

The present Invention to attain the above- 
described object is characterized by comprising an image 
pickup device, which comprises a plurality of radiation 
detectors for detecting radiation from a subject, wherein 
the radiation passing through a first radiation detector 
is to be detected by a second radiation detector. Since 
the second radiation detector is provided to detect the 
radiation passing through the first radiation detector. 
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the locations reached by radiation (locations at which 
radiation is detected) can be confirmed, with increased 
precision, in the direction of the depth from the first 
radiation detector opposing the subject. As a result, a 
highly accurate image depicting the interior of the 
subject's body can be obtained. 

Preferably, the present invention comprises a 
plurality of radiation detectors that enable an image 
pickup device to detect radiation from a subject, wherein 
the radiation detectors are formed in the image pickup 
device and positioned around the circumference of the 
through-hole, into which a bed is to be inserted, and at 
different radial locations. 

Preferably, the present invention also comprises 
a plurality of radiation detectors that enable an image 
pickup device to detect radiation from a subject, wherein 
the radiation detectors are mounted on radiation detector 
support members that are positioned around the 
circumference of the through-hole, into which a bed is to 
be inserted, and at different radial locations. 

In addition, the present invention attaining the 
above-described object is characterized by comprising a 
plurality of radiation detectors for y-ray detection, 
wherein a radiation detector detecting unscattered 
Internal Y~ r ays is located within a preselected period of 
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time and in accordance with the detection signals output 
from at least three radiation detectors and the position 
information about these radiation detectors. 

The present invention makes it possible to find 
the sequence of unscattered Y~ ra y attenuation (scatter 
sequence) in accordance with three or more detection 
signals output within a preselected period of time and 
the positional information about three or more radiation 
detectors that generated the detection signals, and 
determine the position and direction of y-ray initial 
incidence. In marked contrast to determining the Y~ray 
initial incidence position in a random manner, the 
present invention is capable of locating unscattered y 
radiation with high efficiency and generating highly 
accurate tomograms . 

In addition, the present invention attaining the 
above -described object is characterized in that it 
comprises a plurality of radiation detectors for Y~ ra Y 
detection, and that when detection signals are output 
from at least three of such radiation detectors within a 
preselected period of time, the attenuation sequence, 
initial incidence position, and initial incidence 
direction of one of paired Y~ ra Y s are determined in 
accordance with the positional information about at least 
two of such radiation detectors, the energy detection 



values of at least two of such radiation detectors, and 
the positional information about a radiation detector 
detecting the remaining y radiation of paired y-rays. 

The present invention determines the attenuation 
sequence (scatter sequence) of one of paired y~ ra YS in 
accordance with the positional information about the 
remaining paired y-^ay, and determines the position and 
direction of y-ray initial incidence on a radiation 
detector. More specifically, the positional information 
about each radiation detector detecting a first one of 
paired y-rays and the positional information about a 
radiation detector detecting the remaining paired y-ray 
are used to estimate two or more possible attenuation 
sequences of the first one of the paired y-rays. The 
estimated attenuation sequences are examined to choose 
the one that exhibits the proper correlation between the 
scatter angle and energy detection value of the first one 
of the paired y-rays. The y-ray attenuation sequence is 
determined in this manner. As a result, the position of 
initial y-ray incidence on a radiation detector (the 
position of a radiation detector related to the first y- 
ray attenuation) Is determined. Consequently, it is 
possible to conclude that a y-ray generation source 
(diseased area) exists on a straight line (direction of 
initial incidence) Joining the located radiation detector 
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and the radiation detector detecting the remaining paired 
Y-ray. In marked contrast to determining the y-ray 
initial incidence position in a random manner, the 
present invention is therefore capable of locating 
unscattered y radiation with high efficiency and 
generating highly accurate PET images. 

In addition , the present invention attaining the 
above-described object is characterized in that it 
comprises a plurality of radiation detectors for y-ray 
detection and collimators mounted in front of the 
radiation detectors to permit y-ray passage, and that when 
detection signals are output from at least three of such 
radiation detectors within a preselected period of time, 
the attenuation sequence. Initial incidence position, and 
initial incidence direction of y radiation are determined 
in accordance with the positional information about at 
least three of such radiation detectors and the energy 
detection values of at least three of such radiation 
detectors . 

When the detection signals of three or more 
radiation detectors are simultaneously counted (output 
within the specified period of time), the present 
invention determines the y-ray attenuation sequence 
(scatter sequence) in accordance with the positional 
information about the three or more detection signals and 
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the energy detection values from the three or more 
radiation detectors, and determines the position and 
direction of y-ray incidence on a radiation detector. 
More specifically, the above-mentioned positional 
information is first used to estimate two or more 
possible sequences of y-ray attenuation, and the estimated 
sequences are checked to choose the one that exhibits the 
proper correlation with the above-mentioned energy 
detection values. In accordance with the determined y-ray 
initial incidence position and the above energy detection 
values, the direction of Y~ ra Y initial incidence can be 
determined. In marked contrast to determining the y-^ay 
initial incidence position in a random manner, the 
present invention is therefore capable of locating 
unscattered y radiation with high efficiency and 
generating highly accurate PET images . 

Brief Description of the Drawings 

FIG. 1 is a configuration diagram showing a 
radiological imaging apparatus according to a preferred 
embodiment of the present invention; 

FIG. 2 is a cross sectional view taken along line 
II-II of FIG. 1; 
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FIG- 3 is a perspective view illustrating the 
structure of a radiation detector support shown in FIG. 
1; 

FIG. 4A is a longitudinal sectional view of a 
calibrated radiation source shown in FIG. 1; 

FIG. 4B is a cross sectional view taken along 
line IV-IV of FIG. 4A; 

FIG. 5 is a flow chart illustrating a tomogram 
generation process that is performed by a computer shown 
in FIG. 1; 

FIG. 6 is a flow chart that details the process 
performed in step 42 shown in FIG. 5; 

FIG. 7 presents diagrams that indicate how y-rays 
are detected in an embodiment shown in FIG. 1; 

FIG. 8 is a configuration diagram showing a 
radiological imaging apparatus (SPECT examination 
apparatus) according to another embodiment of the present 
invention; - 

FIG. 9A is a longitudinal sectional view of a 
calibrated radiation source shown in FIG. 8; 

FIG. 9B is a cross sectional view taken along 
line IX-IX of FIG. 9A; 

FIG. 10 is a configuration diagram showing a 
radiological Imaging apparatus according to another 
embodiment of the present invention; 
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FIG. 11 is a diagram illustrating a radiation 
detector-to-signal processor connection according to the 
embodiment shown in FIG. 10; 

FIG. 12 is a configuration diagram of a signal 
discriminator shown in FIG. 11; 

FIG. 13 is a flow chart illustrating a tomogram 
generation process that is performed by a computer shown 
in FIG. 10; 

FIG. 14 is a configuration diagram showing a 
radiological imaging apparatus according to another 
embodiment of the present invention; 

FIG. 15 is a diagram illustrating a typical 
radiation detector arrangement for a flat panel display 
shown in FIG. 14; 

FIG. 16 is a configuration diagram showing a 
radiological Imaging apparatus according to another 
embodiment of the present Invention; 

FIG. 17 is a configuration diagram showing a 
radiological imaging apparatus according to another 
embodiment of the present invention; 

FIG. 18 is a diagram illustrating a radiation 
detector- to- signal processor connection according to the 
embodiment shown in FIG. 17; 

FIG. 19 is a cross sectional view taken along 
line X-X of FIG. 17; 
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FIG. 20 is a flow chart illustrating a tomogram 
generation process that is performed by a computer shown 
in FIG. 17; 

FIG. 21 shows characteristic curves that indicate 
the y-ray energy-scatter angle relationship prevailing 
before and after scattering; 

FIG. 22 is a flow chart that illustrates how a 
coincidence counter shown in FIG. 18 determines the 

position and direction of y*" ra Y initial incidence; 

FIG. 23 is a configuration diagram showing a 
radiological imaging apparatus according to another 
embodiment of the present Invention; 

FIG. 24 is a cross sectional view taken along 
line Y-Y of FIG. 23; and 

FIG. 25 shows a typical signal input /output of a 
coincidence counter according to the embodiment shown in 
FIG. 23. 

Detailed Description of the Preferred Embodiments 
Embodiment 1 

A radiological imaging apparatus according to a 
preferred embodiment of the present invention will be 
described below with reference to FIGS. 1 and 2. A 
radiological imaging apparatus 1 of Embodiment 1 is used 
for PET examination. This apparatus comprises an image 
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pickup device 2, a signal processor 7, a tomogram 
generator 10, a medical examinee -holding device 14, a 
calibrated radiation source circumferential transfer unit 
37, and a drive controller 35, 

The image pick device 2 has a casing 3, a large 
number of radiation detectors 4 , and a large number of 
radiatibn detector support plates 5* The casing 3 has an 
opening (through-hole) 6 into which a medical examinee or 
a subject is to be inserted. A large number of the 
radiation detectors (e.g., 10,000 radiation detectors in 
total) 4 are positioned around the circumference of the 
through-hole 6 and arranged in the axial direction of the 
through-hole 6. As shown in FIG. 2, the innermost 
radiation detectors 4 are circularly disposed around the 
circumference of the through-hole 6. The other radiation 
detectors 4 are arranged radially from the center of the 
through-hole 6 with the above-mentioned innermost 
radiation detectors 4 regarded as the starting points . 
The radiation detectors 4 are also disposed at their 
respective different positions in the radial directions 
of the through-hole 6. That is. Embodiment 1 is 
configured so that multiple sets of three radiation 
detectors 3 (e.g. , the radiation detectors 4a, 4b, and 4c 
shown in FIG. 2) are linearly positioned to form three 
layers in the radial direction of the through-hole 6. 
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Each layer of radiation detectors 4 is positioned in a 
circular form (e.g., concentrically). 

As shown in FIG. 3, the radiation detectors 4 are 
mounted on a lateral surface of the radiation detector 
support plate 5. More specifically, the radiation 
detectors 4 are radially mounted on a lateral surface of 
the radiation detector support plate 5 , which is shaped 
like a half ring. A plurality of radiation detector 
support plates 5, on which the radiation detectors are 
mounted, are mounted on the lower inner surface of the 
through-hole 6 and arranged in the axial direction of the 
through-hole 6 . These radiation detector support plates 
5 are fastened to the casing 3. Although not shown in 
FIG. 3, a plurality of radiation detector support plates 
5, on which the radiation detectors 4 are mounted, are 
also mounted on the upper inner surface of the through- 
hole 6, arranged in the axial direction of the through- 
hole 6, and fastened to the casing 3. One radiation 
detector support plate 5 mounted on the lower inner 
surface of the through-hole 6 and one radiation detector 
support plate 5 mounted on the upper inner surface of the 
through-hole 6 are positioned so as to form a ring in the 
same plane. The radiation detector support plates 5 may 
also be shaped in a circular form. 
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The signal processor 7 comprises y-ray 
discriminators 8 and a coincidence counter 9 provided for 
each of the radiation detectors 4. The Y" ra Y 
discriminators 8 are connected to their respective 
radiation detectors 4 via a wiring 13. The number of 
installed y-ray discriminators 8 is equal to that of 
installed radiation detectors 4. The coincidence counter 
9 is connected to all the y-ray discriminators 8. The 
tomogram generator 10 comprises a computer 11, a storage 
device 12 , and a display device 130. The computer 11 is 
connected to the coincidence counter 9. The storage 
device 12 is connected to the computer 11. The display 
device is also connected to the computer 11. The 
medical examinee -holding device 14 is provided with a 
support 15 and a bed 16, which is mounted on the top of 
the support 15 so as to be moved in the longitudinal 
direction. The image pickup device 2 is disposed in a 
direction perpendicular to the longitudinal direction of 
the bed 16. 

Typical examples of a radiation detector include 
a semiconductor radiation detector and a scintillator. 
The scintillator is not suitable for a multilayer 
arrangement (e.g., aforementioned three layers) because a 
photomultiplier or like device needs to be mounted on the 
rear of a crystal (BGO, Nal , etc.), which serves as a 
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radiation detector. On the other hand, the semiconductor 
radiation detector is suitable for a multilayer 
arrangement because it does not require the use of a 
photomultiplier or like device. In Embodiment 1, 
semiconductor radiation detectors are used as the 
radiation detectors 4, and their detection unit, which is 
a 5 mm cube, is made of cadmium telluride (CdTe). The 
detection unit may also be made of gallium arsenide 
(GaAs) or cadmium zinc telluride (CZT). 

The calibrated radiation source circumferential 
transfer unit 37 includes a guide rail 28 and a 
calibrated radiation source device 29. The guide rail 28 
is circular, mounted on a lateral surface of the medical 
examinee holding device 14 on the casing, and arranged 
around the circumference of the through-hole 6. The 
calibrated radiation source device 29 has a calibrated 
radiation source drive 30 and a calibrated radiation 
source 31. The calibrated radiation source drive 30 is 
movably mounted on the guide rail 28. Although not shown 
in the figure, the calibrated radiation source drive 30 
includes a pinion that engages with a rack on the guide 
rail 28, and a motor that rotates the pinion via a speed 
reduction mechanism. The calibrated radiation source 31 
is mounted on the casing (not shown) for the calibrated 
radiation source drive 30 and attached to the distal end 
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of an arm 38 that is horizontally telescopic. As shown 
in FIGS. 4A and 4B, the calibrated radiation source 31 
houses a y-ray source 33 within a Y~ ra Y shield 32 having a 
unidirectional opening. Except the above-mentioned 
opening, the external surface of the Y" ra Y shield 32 is 
covered by a casing (not shown) serving as an enclosure. 
The calibrated radiation source 31 includes a movable 
shutter 34, which is capable of covering the opening in 
the Y- ra Y shield 32. A Ga-Ge radiation source for 511 keV 
Y-ray emissions is used as the y-ray source 33. A Cs 
radiation source for 662 keV Y~ ra Y emissions may be used 
instead of the Ga-Ge radiation source. The calibrated 
radiation source 31 is a radiation source for use during 
transmission data imaging. A collimator 39 that is 
positioned in front of the opening in the Y** ra Y shield 32 
is mounted on the Y~ ra Y shield 32 so as not to obstruct 
the open/close operation of the shutter 34. 

First of all, transmission data imaging by a 
radiological image apparatus 1A will be described. 
Transmission data Imaging is a technique for measuring 
the Y~ ra Y transmlttance with a medical examinee's body 
with a calibrated radiation source. The time required 
for measurement is about 1 or 2 minutes. After y-rays 
emitted from the calibrated radiation source pass through 
a medical examinee, they are measured by radiation 
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detectors 4. The rate of y-ray attenuation within the 
medical examinee ' s body is determined in accordance with 
the radiation intensity of the calibrated radiation 
source and the measured y radiation. The determined Y"" ra Y 
attenuation rate is used to compensate for an in-vivo 

scatter (phenomenon in which Y~ ra Y s generated within a 
medical" examinee 9 s body due to a radiopharmaceutical are 
scattered and attenuated) during PET examination. 

The details of transmission data imaging will be 
described below. The medical examinee 17 laid on the bed 
16 is inserted into the through-hole 6. When 
transmission data imaging starts, the radiation source 
controller 69 opens the shutter 34. y*" ra Y s emitted from 
the Y~ ra Y source 33 pass through the opening in the y~ ra Y 
shield 32 and collimator 39 , and then fall on the medical 
examinee 17. The directivity of Y~ ra Y s emitted from the 
Y-ray source 33 is Increased by the collimator 39 so that 
the direction of Y~ ra Y travel is determined. At the 
beginning of transmission data imaging, the drive 
controller 35 outputs a drive start signal to rotate the 
motor of the calibrated radiation source drive 30. When 
the motor rotates, the calibrated radiation source drive 
30 moves on a guide rail 28 to circulate around the 
medical examinee 17. Within the through-hole 6, the 
calibrated radiation source 31 moves around the medical 
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examinee 17. Therefore, highly directional Y -ra YS emitted 
from the calibrated radiation source 31 are incident on 
the medical examinee 17 from all circumferential 
positions. The bed 16 moves toward the opposite end of 
the through-hole 6. After y-rays pass through the medical 
examinee 17, they are measured by the radiation detectors 
4. Since highly directional y-rays are emitted, 
unscattered y-rays ar © measured by the radiation detectors 
4. These rays have the same 511 keV energy as when they 
are emitted from the y-ray source 33. 

The radiation detectors 4 measure the y-rays 
passing through the medical examinee 17 and output a y-ray 
detection signal. In response to this y-ray detection 
signal, the y-ray signal discriminator 8 generates a pulse 
signal as is the case with the y-ray detection signal 
detected during PET examination described later. The 
coincidence counter 9 measures the pulse signal and 
outputs its count and the two points of paired y-ray 
detection (the positions of a pair of radiation detectors 
4 that are mounted about 180° apart from each other with 
respect to the axial center of the through-hole 6 ) . The 
computer 11 stores the count and the positional 
information about the two detection points in the storage 
device 12. At the end of transmission data imaging, the 
drive controller 35 outputs a drive end signal to stop 
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the motor of the calibrated radiation source drive 30. 
At this time, the radiation source controller 69 closes 
the shutter 34 of the calibrated radiation source 31 so 

as to prevent Y~ ra Y s from being emitted outside. 

Three radiation detectors that are linearly 
arranged in the direction of the radius of the through- 
hole 6 to form three layers (e.g., radiation detectors 4a, 
4b, and 4c shown in FIG. 1) are handled as a radiation 
detector group. Embodiment 1 provides a plurality of 
radiation detector groups. When the energy of emitted y~ 
rays is uniform, the Y~ ra Y detection efficiency is 
determined by a theoretical formula. Since the radiation 
detectors 4 are semiconductor radiation detectors having 
a detection unit made of 5 mm thick CdTe, the detection 
efficiency of 511 keV Y-*" a YS is about 20%. In a single 
radiation detector group, therefore, incident Y- radia tion 
is attenuated by about 20% in the first layer radiation 

detector 4, and the 80% Y" radiation petssing through the 
first layer radiation detector 4 is attenuated by about 
20% in the second layer radiation detector 4, that is, 
about 16% Y~ radia tion attenuation occurs in the second 
layer radiation detector 4. In the third layer radiation 

detector 4, the 64% Y" radiation parsing through the second 
layer radiation detector 4 is attenuated by about 20%, 
that is, about 12.8% Y" radiation a ttenuation occurs. y~ 
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ray detection signals reflecting such attenuations are 
output from the first and second layer radiation 
detectors 4. These y-ray detection signals are fed to the 
Y-ray discriminators 8 of the associated signal processors 
7, subjected to a scattered y-ray removal process, and 
converted to pulse signals. The coincidence counters 9 
of the signal processors 7 measure the pulse signals. 
When the y-ray detection signals fed from the layered 
radiation detectors 4 are independently measured and the 
measurement result significantly differs (by, for 
instance, more than ±5%) from the theoretical detection 
efficiency proportion (approx. 20:16:12.8) of the first- 
layer to third-layer radiation detectors 4, it means that 
the detection efficiency of one or more of the radiation 
detectors 4 is decreased due to radiation detector 
deterioration. If, for instance, one radiation detector 
4 is deteriorated and the other two radiation detectors 4 
are operating normally, the measured detection efficiency 
proportion of the affected radiation detector group 
greatly differs from the above-mentioned theoretical 
value. It is therefore possible to locate the radiation 
detector 4 that is deteriorated. Further, the percentage 
of detection efficiency decrease caused by deterioration 
can be calculated from the detection efficiencies, 
detection efficiencies determined from the above- 
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mentioned proportion, and measured detection efficiencies 
of the two normal radiation detectors 4. When, for 
instance, the measured detection efficiency proportion 
determined from the measurements of three radiation 
detectors in one radiation detector group is 20:4:12.8, 
the measured detection efficiency of the second layer 
radiation detector 4 is 12 points lower (75% lower) than 
the theoretical detection efficiency. It means that the 
second layer radiation detector is faulty. 

The concept of fault detection will be described 

below. When Y~ ra YS are emitted from the Y~ ra Y source 33 
at a certain time, they are incident on three radiation 
detectors 4 in one radiation detector group (e.g., 
radiation detectors 4a, 4b, and 4c shown in FIG. 2) but 
not on the three radiation detectors 4 in another 
radiation detector group (e.g., a radiation detector 
group adjacent to the first one). The detection 
efficiency proportion of the radiation detectors 4 in a 
single radiation detector group is determined from the 
data indicating the previous deterioration of the 
radiation detectors 4 while considering the y-ray 
transmission distance and Y~ ra Y transmission sequence. 
Further, the theoretical detection efficiency proportion 
of the radiation detectors 4 in the radiation detector 
group is determined by performing a simulation or 
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theoretical calculations. The measured detection 
efficiency proportion determined according to the y-ray 
detection signals generated from the radiation detectors 
4 in the radiation detector group is compared with the 
above-mentioned theoretical detection efficiency 
proportion to check whether or not the radiation 
detectors 4 in the radiation detector group are 
deteriorated. All the radiation detector groups are 
subjected to the comparison between the measured 
detection efficiency proportion and the above-mentioned 
theoretical detection efficiency proportion. If all the 
radiation detectors 4 mounted on the image pickup device 
2 are of the same type, the theoretical detection 
efficiency proportion can be determined by performing 
calculations on only one representative radiation 
detector group. Further, the measured detection 
efficiency proportion determined from the individual y-ray 
detection signals is compared with the detection 
efficiency proportion determined from the data indicating 
the previous deterioration of the radiation detectors 4 
to check the progress of deterioration of the radiation 
detectors 4 in the radiation detector group. If the 
radiation detectors 4 are deteriorated, the storage 
device 12 stores the information about the degree of 
deterioration, and the user is notified of deterioration 
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and fault. When this process is repeated for all 
radiation detector groups, it is possible to grasp the 
degree of detection efficiency deterioration of the 
individual radiation detectors mounted on the image 
pickup device 2 and remove faulty radiation detectors . A 
specific process based on the above -described concept of 
fault detection will be described later with reference to 
FIGS. 5 and 6. 

Next, a PET examination process performed with 
the radiological imaging apparatus 1 will be described. 
A PET pharmaceutical is injected into or otherwise 
administered to the medical examinee 17 or the subject in 
advance. The medical examinee 17 stands by for a 
predetermined period of time so that the PET 
pharmaceutical is diffused within its body and gathered 
at a diseased area (e.g., carcinomatous lesion) to permit 
imaging. An appropriate PET pharmaceutical is selected 
in accordance with a lesion to be checked for. When the 
predetermined period of time elapses, the medical 
examinee 17 is laid on the bed 16 and subjected to PET 
examination with the image pickup device 2. When PET 
examination starts, the bed 16 moves toward the image 
pickup device 2 and goes into the through-hole 6, 
carrying the medical examinee 17 into the through-hole 6. 
When 511 keV y-rays (in the case where the PET 
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pharmaceutical contains 18 F) are emitted from a lesion in 
the body of the medical examinee 17, they are incident on 
the radiation detectors 4, The radiation detectors 4 
detect y-rays that are emitted from the lesion due to PET 
pharmaceutical administration, and generate y- ra Y 
detection signals. The y-ray detection signals are 
delivered to the associated y-ray discriminators 8 via the 
associated wiring 13. Each y-ray discriminator includes a 
waveform shaper (not shown). The waveform shaper 
converts an input y-ray detection signal to a y-ray 
detection having a time Gaussian distribution waveform. 
The energy of y-rays generated upon annihilation (at the 
lesion) of positrons emitted from the PET pharmaceutical 
is 511 keV. However, if the y-rays are scattered within 
the body of the medical examinee, the energy is lower 
than 511 keV. To remove scattered y-rays, the y-ray 
discriminator 8 includes a filter (not shown) for 
selecting an energy setting of, for Instance, 400 keV, 
which is lower than 511 keV, and passing y-ray detection 
signals having a energy value greater than the energy 
setting. This filter receives the y-ray detection signals 
that are output from the waveform shaper. An energy 
setting of 400 keV is selected here as an example in 
consideration of the variation of y-ray detection signals 
generated upon 511 keV y-ray incidence on the radiation 
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detectors 4, In response to a y-ray detection signal 
passing through the filter, the y-ray discriminator 8 
generates a pulse signal having a predetermined energy 
level • 

The coincidence counter 9 receives pulse signals 
generated by all the y-ray discriminators 8, and 
determihes the count data for the y-ray detection signals 
output from the radiation detectors 4. Further, the 
coincidence counter 9 uses the pulse signals for the 
aforementioned paired y-rays to determine the positional 
Information about two points of paired y-ray detection* 
The positional information about these detection points 
is transmitted to the computer 11 and stored into the 
storage device 12 by the computer 11. The count data for 
the above-mentioned y-ray detection signals are also 
stored into the storage device 12 by the computer 11. 

The computer 11 . using the count data and other 
relevant data, performs a processing procedure indicated 
in FIGS. 5 and 6 to reconstruct a tomogram of the medical 
examinee 17. The processing procedure will be detailed 
below. The count data derived from PET examination, the 
positional information about the associated detection 
points, and the count data derived from transmission 
imaging are read from the storage device 12 and input 
(step 40). The theoretical detection efficiency 
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proportion of the radiation detectors in a radiation 
detector group is calculated (step 41). This theoretical 
proportion is determined by performing theoretical 
calculations on the transmission distance of Y" ra Y s 
emitted from the medical examinee 17 (this distance 
varies with the radionuclides contained in the PET 
pharmaceutical) and the sequence of Y~ ra Y transmission. 
When a PET pharmaceutical containing 18 F is administered 
to the medical examinee 17, the theoretical detection 
efficiency proportion of three radiation detectors 4 in 
the radiation detector group is about 20:16:12.8. Unlike 
Embodiment 1 in which the theoretical detection 
efficiency proportion is calculated each time, the 
theoretical detection efficiency proportion of all the 
radiation detectors in the radiation detector group may 
be calculated in advance for various PET pharmaceuticals 
containing different radionuclides and stored in the 
storage device 12. 

Next, deteriorated radiation detectors 4 are 
checked for (step 42). The process in step 42 is 
performed on a radiation detector group basis and will be 
described in detail with reference to FIG. 6. First, a 
radiation detector group is selected (step 50). The 
measured detection efficiency proportion of radiation 
detectors in the selected radiation detector group is 
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calculated (step 51). More specifically, the count data 
derived from y-^ay detection signals output from the 
radiation detectors 4 in the selected radiation detector 
group are used to calculate the measured detection 
efficiency proportion of the radiation detectors. The 
difference between the measured detection efficiency 
proportion and theoretical detection efficiency 
proportion is checked to determine whether it is within a 
preselected range (±5% of the theoretical proportion) 
(step 52). When the difference is within the preselected 
range (when the answer to the question is "Yes"), the 
radiation detectors 4 in the selected radiation detector 
group are operating normally without being deteriorated. 
However, if the difference is outside the preselected 
range (when the answer to the question is "No"), the 
information about deteriorated radiation detectors 4 in 
the radiation detector group (these detectors are 
referred to as deteriorated radiation detectors) is 
stored in the storage device 12 (step 53). When the 
difference is outside the preselected range in this 
manner, it means that one or more radiation detectors 4 
in the radiation detector group are deteriorated. 
Deteriorated radiation detectors in the radiation 
detector group can be located by comparing the measured 
detection efficiency proportion values of the radiation 
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detectors with their theoretical ones as explained 
earlier. Next, the deterioration information about a 
deteriorated radiation detector 4 is output to the 
display device 130 (step 54). The deterioration 
information about the deteriorated radiation detector 4 
is the detection efficiency proportion information that 
is obtained using the data indicating the degree of 
previous deterioration of the radiation detector 4 . In 
accordance with the deterioration information about the 
deteriorated radiation detector 4, which is shown on the 
display device 130, the operator is able to grasp the 
degree of deterioration of the deteriorated radiation 
detector 4 on the basis of the deterioration information 
about the deteriorated detector 4 displayed on the 
display device 130. If a deteriorated radiation detector 
4 is significantly deteriorated, it needs to be replaced 
by a new radiation detector. The detection efficiency of 
the deteriorated radiation detector 4 is corrected (step 
55). If, for instance, the measured proportion values of 
radiation detectors 4a and 4c in a radiation detector 
group coincide with the theoretical ones and the measured 
proportion value of radiation detector 4b is considerably 
smaller than the theoretical one, the detection 
efficiency of radiation detector 4b is corrected to a 
detection efficiency that can be estimated from the 
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measured detection efficiency proportion of radiation 
detectors 4a and 4c and the theoretical detection 
efficiency proportion of radiation detectors 4a , 4b , and 
4c. The count data determined according to the corrected 
detection efficiency is stored in the storage device 12 
as the count data about the radiation detector 4b. 

^ When the answer to the question in step 52 is 
"Yes" or when the process in step 55 is terminated, it is 
checked whether or not "any radiation detector groups 
remain to be selected" (step 56). When the answer to the 
question in step 56 is "Yes", the next radiation detector 
group is selected in step 57. The processing from steps 
51 onward is performed until the answer to the question 
in step 56 changes to "No". When the answer to the 
question in step 56 is "No", a transmission image is 
created (step 43). More specifically, the count data for 
Y-ray detection signals obtained at the time of 
transmission data imaging is used to calculate the Y~ ra Y 
attenuation rate of each voxel in the body of the medical 
examinee 17. The y-ray attenuation rate of each voxel is 
stored in the storage device 12. 

Next, the in-vivo attenuation correction count 
for radiation detectors is calculated (step 44). Since 
paired Y-^ays is emitted during the PET examination, the 
in-vivo attenuation correction count is calculated 
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according to the sum of paired Y~ ra Y move distances within 
the body. The count data derived from the PET 
examination, the positional information about detection 

points, the Y~ ra Y attenuation rate calculated in step 43 
are used to reconstruct the tomogram of the medical 
examinee 17 by the tomogram reconstruction method 
described later in step 47. First of all, the Y~ ra Y 
attenuation rate of each voxel, which is obtained in step 
43, is used to determine the rate of Y~ ra Y attenuation 
between a pair of radiation detectors 4 (e.g., radiation 
detectors 4f and 4g shown in FIG. 7B) , which detects 
paired y-^ciys, according to the forward projection method. 
The reciprocal of the determined Y~ ra Y attenuation rate is 
the attenuation correction count. In step 45, the 
attenuation correction count is used to provide an in- 
vivo attenuation correction. The count data derived from 
the PET examination is corrected by multiplying it by the 
attenuation correction count. Although the Y~ ra YS 
generated at a lesion in the medical examinee 17 are 
absorbed and attenuated during its transmission through 
the body, the accuracy of the count data derived from the 
PET examination can be Increased by correcting the count 
data with the above attenuation correction count. 

In step 46, a Y~ ra Y detection correction is also 
made in accordance with the detection efficiency 
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difference among radiation detectors. Since paired y-rays 
are emitted during the PET examination, the count data 
needs to be corrected using the detection efficiencies of 
two radiation detector groups at which respective paired 
Y-rays arrive. More specifically, the correction is made 
by multiplying the detection efficiency correction counts 
of radiation detectors that have detected y-rays in the 
two radiation detector groups. This correction process 
will be detailed below. The difference between the 
theoretical and measured detection efficiencies of each 
radiation detector 4, which prevails during forward 
projection imaging, is determined in step 42. Let the 
theoretical detection efficiency value of the i-th 
radiation detector 4 in radiation detector group j , which 
prevails during forward projection imaging, be Xfi±j, and 
the count data corrected in step 45 be Xse ±j . If the i-th 
detector is found to be faulty while the k-th detector is 
normal, the corrected PET count data Xsitj for the i-th 
radiation detector is as expressed by equation (2). In 
order from the radiation detector 4 nearest the through- 
hole 6 to the radiation detector 4 farthest from the 
through-hole 6, the value i is 1, 2, 3, and so son. 
Xsi ±j = Xse kj x Xfi^/Xfikj --- (2) 
The corrected PET count data (count data 
corrected in accordance with the detection efficiency 
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difference among radiation detectors), which is 
calculated from equation (2), is stored in the storage 
device 12. 

The tomogram of the medical examinee, which 
contains a diseased area (e.g., carcinomatous lesion), is 
reconstructed (step 47). In step 47, the tomogram is 
reconstructed using the corrected PET count data Xsiij, 
which is derived from the correction made in step 46, and 
the positional information about detection points. 
Tomogram reconstruction will be detailed below. The 
computer 11 performs a tomogram reconstruction process 
with the above count data and detection point positional 
information while using the filtered back projection 
method. The computer 11 is a device for tomogram 
reconstruction. When the filtered back projection method 
is used, the tomogram is reconstructed using data that is 
sorted according to two parameters (distance t and angle 
9), as described in the aforementioned document. The 
distance t and angle 6 will be detailed with reference to 
FIG. 2. Suppose that the paired y-rays emitted from a 
lesion in the medical examinee 17 is detected by- 
radiation detectors 4d and 4e. A straight line 19 passes 
through the middle point of a line 18, which joins 
radiation detectors 4d and 4e, and is at right angles to 
the line 18. The angle formed between a reference axis 
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20 (straight line oriented in any direction and passing 
through the central point of a circle on which innermost 
radiation detectors are positioned, that is # the central 
point of the through-hole 6) and the line 19 is 0. The 
distance between the central point 21 of the through-hole 
6 and line 18 is t. The angle 6 represents the angle of 
rotation of the line 18 that joins radiation detectors 4d 

and 4e, which have detected paired Y" ra Y s * from the 
reference axis 20 . 

In the radiological imaging apparatus 1 , a 
plurality of radiation detectors 4 is layered in the 
radial direction of the through-hole 6. Thanks to this 
layered arrangement, a new function described below can 
be exercised. For example, suppose that two y-rays 23a, 
23b, which are generated at an Y~ ra Y generation point 22 
(lesion) in the body of the medical examinee 17 as shown 
in FIG. 7A, are incident on radiation detectors 4f and 4g. 
Since the attenuation positions within the detectors are" 
unknown, a line joining the ends of a pair of radiation 
detectors 4f, 4h, that is, a line 24 shown in FIG. 7B is 
regarded as a detection line when a conventional method 
is used. The radiological imaging apparatus 1, on the 
other hand, layers radiation detectors 4 in the radial 
direction of the through-hole 6. Therefore, the Y~ ra Y 
detection signal of radiation detector 4g, which is 
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located outward in the radial direction, is obtained so 
that a line 25, which joins radiation detectors 4f and 4g, 
can be used as a detection line. In other words, the 
attenuation position in the direction of a detector depth 
can be determined although it could not be determined 
through the use of a conventional detector. As a result, 
the image accuracy is Increased because the detection 
line 25 accurately passes a location of paired y-ray 
generation. Further, measured data accuracy increases 
because the detection line is positioned closer to an 
actual location of paired y-^y generation. 

Next, the obtained result is reconstructed by the 
filtered back projection method. The tomogram data 
reconstructed by the computer is stored in the storage 
device 12 and displayed on the display device 130. 

( 1 ) In Embodiment 1 , a plurality of radiation 
detectors 4 are arranged in the radial direction of the 
through-hole 6 as well as in the axial direction and 
circumferential direction thereof. Therefore, yray 
detection signals can be derived from various radial 
positions of the through-hole 6 without reducing the 
amount of signal transmission substance although signal 
transmission substance reduction could not be avoided 
when radiation detectors for conventional PET examination 
were used. As a result. Embodiment 1 makes it possible 
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to obtain accurate information about the through-hole 

section's radial positions reached by v ra Y s (the 
positional information about radiation detectors 4 that 
output y-ray detection signals). In the conventional PET 
examination, one radiation detector is positioned in the 
radial direction of the through-hole 6 # and a reflective 
material is placed in the radiation detector to acquire 
the information about the through-hole section's radial 
positions reached by y~ ra Y s depending on the pattern of 
signal transmission substance arrival at a 
photomultiplier . In such an information acquisition 
process, the signal transmission substance is partly 
attenuated within the radiation detector or reflected out 
of the radiation detector due to the Inclusion of the 
reflective material. Therefore, the amount of signal 
transmission substance decreases to lower the energy 
resolution. 

(2) In Embodiment 1, a plurality of independent 
radiation detectors 4 are arranged in the radial 
direction of the through-hole 6. Therefore, the entire 
signal transmission substance of each radiation detector 
can be used for Y-* ra Y detection to raise the radiation 
detector's energy resolution. When radiation detectors 
having a high-energy resolution are used for the PET 
examination, Y~ ra Y s whose energy is attenuated by 
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scattering can be differentiated from unseat tered, 511 
keV y-rays. As a result, an increased amount of scattered 
radiation can be removed with a filter for the y-ray 
discriminator 8 . 

(3) Embodiment 1 provides a means of acquiring 
accurate information about the through-hole section's 
radial positions reached by y-"YS without decreasing the 
amount of signal transmission substance in radiation 
detectors . It is therefore possible to increase the 
tomogram accuracy through the use of accurate information 
about Y~ r ay arrival positions and prevent the decrease in 
the amount of signal transmission substance because the 
radiation detectors require no reflective material. 
Thanks to these improvements , the energy resolution 
increases, thereby minimizing the influence of scattered 
radiation upon tomogram reconstruction. As a result. 
Embodiment 1 can Increase the tomogram accuracy, that is, 
the PET examination accuracy. 

(4) Embodiment 1 uses semiconductor radiation 
detectors as the radiation detectors 4. Therefore, a 
plurality of radiation detectors 4 can be arranged in the 
radial direction of the through-hole 6 without having to 
increase the size of the image pickup device 2 . 

(5) Embodiment 1 makes it possible to easily 
locate a faulty radiation detector 4 in a group of 
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radiation detectors 4 by comparing the measured detection 
efficiency proportion of the radiation detectors 4 with 
the theoretical detection efficiency proportion of the 
radiation detectors 4. A faulty radiation detector 4 can 
easily be located particularly when a plurality of 
radiation detectors 4 is linearly arranged in the radial 
direction of the through-hole 6. 

(6) In Embodiment 1, an Imaging processing can be 
performed by a single image pickup device 2 so as to 
compensate for noise caused by detection efficiency 
difference and noise caused by in-vivo scattered 
radiation . 

In step 4 7 of Embodiment 1, the tomogram is 
reconstructed using the corrected PET coefficient that is 
obtained by correcting the count data, which is corrected 
in step 45 , in accordance with detection efficiency 
difference in step 46. In an alternative embodiment, 
however, the count data corrected in step 45 can be used 
for tomogram reconstruction in step 47 without providing 
a correction in step 46. 

In Embodiment 1 , three radiation detectors 4 are 
linearly arranged in the direction of the radius of the 
through-hole6 . In an alternative embodiment, however, 
the second innermost radiation detector 4 can be shifted 
in the circumferential direction of the through-hole 6 
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(e.g. so that the second innermost radiation detector is 
positioned midway between two adjacent innermost 
radiation detectors) instead of positioning the three 
radiation detectors linearly. If a plurality of 
radiation detectors 4 are not linearly arranged in the 
direction of the radius of the through-hole 6, however, 
the rate of y-ray attenuation before y-ray arrival at the 
radiation detectors needs to be measured by conducting a 
test after completion of image pickup device assembly. 
When a plurality of radiation detectors 4 are linearly 
arranged in the direction of the radius of the through- 
hole 6 according to Embodiment 1, such a test need not be 
conducted because the Y~ ra Y attenuation rates of the 
radiation detectors 4 are known. 

In Embodiment 1, Y~ ra Y in-vivo absorption 
corrections are made by means of transmission imaging. 
In an alternative embodiment, however, a common PET 
correction technique can be used instead of making such 
corrections. An alternative in-vivo absorption 
correction method will be described below. The medical 
examinee 17 is examined by a separately installed X-ray 
CT apparatus. X-rays passing through the medical 
examinee 17 are measured by a radiation detector in the 
X-ray CT apparatus. The rate of attenuation of an X-ray 
detection signal generated from the radiation detector is 



used to reconstruct the tomogram of the medical examinee 
17 and determine the CT values at various positions 
within the body of the medical examinee 17. The 
determined CT values are used to estimate the substance 
composition at each position within the body of the 
medical examinee 17. The estimated substance composition 
data is used to estimate the coefficient of 511 keV 
linear attenuation at each position. The estimated 
linear attenuation coefficient data is used by the 
forward projection method to determine the coefficient of 
linear attenuation between a pair of semiconductor 
devices that has detected paired Y- ra Y s during PET 
examination. The reciprocal of the determined linear 
attenuation coefficient is multiplied by y-ray detection 
signal count data to compensate for a data differential 
arising out of attenuation within the body. When the 
alternative in-vivo absorption correction method 
described above is used, the calibrated radiation source 
31 need not be used. 
Embodiment 2 

A radiological imaging apparatus of another 
embodiment (Embodiment 2) of the present invention will 
be described with reference to FIG. 8. The radiological 
imaging apparatus 1A of Embodiment 2 is used for SPECT 
examination. This apparatus 1A comprises an image pickup 
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device 2A in place of the image pickup device 2 for the 
radiological Imaging apparatus 1 and a signal processor 
7A instead of the signal processor 7 for the radiological 
imaging apparatus 1. The other components of the 
radiological Imaging apparatus 1A are the same as for the 
radiological Imaging apparatus 1. The signal processor 
7A includes a y-ray discriminator 8A and a counter 36 
connected to the y-ray discriminator 8A, and is provided 
for each radiation detector 4. The y-ray discriminator 8A 
has a filter energy setting of 120 keV although the 
filter energy setting for the y-ray discriminator 8 in 
Embodiment 1 is 400 keV. The image pickup device 2 A 
differs from the image pickup device 2 in that a 
collimator 27 is added to the former. Further, the image 
pickup device 2A uses a calibrated radiation source 
circumferential transfer unit 37A in place of the 
calibrated radiation source circumferential transfer unit 
37 that is used for the image pickup device 2. The 
collimator 27 is positioned Inside an innermost radiation 
detector 4 and mounted on a radiation detector support 
plate 5. The collimator 27, which is circular, absorbs y- 
rays that are about to obliquely fall on a radiation 
detector 4 . As is the case with Embodiment 1 , Embodiment 
2 has a plurality of radiation detector groups . 
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The calibrated radiation source circumferential 
transfer unit 37A is provided with a guide rail 28 and a 
calibrated radiation source device 29A. The calibrated 
radiation source device 29A includes a calibrated 
radiation source drive 30, a calibrated radiation source 
31A, and an arm 38. The calibrated radiation source 31A 
is mounted on the arm 38 . The calibrated radiation 
source 31A shown in FIGS. 9A and 9B uses a y-ray source 
33A in place of the y-ray source 33 , which is used for the 
calibrated radiation source 31, and does not include the 
collimator 39, which is provided for the calibrated 
radiation source 31. A radiation source emitting y-rays 
of about 141 keV is used as the y-ray source 33A. For 
example, 120 keV 57 Co is used. 

First of all, transmission data imaging with the 
radiological imaging apparatus 1A is performed in the 
same manner as with the radiological imaging apparatus 1 
to determine the rate of y-ray attenuation within the body 
of a medical examinee. The determined y-ray attenuation 
rate is used to compensate for in-vivo scattering during 
SPECT examination. In Embodiment 2, the radiation 
detector 4 has an energy of 120 keV. 

When the emitted y-ray energy is uniform, the y- 
ray detection efficiency can be determined from a 
theoretical formula. Since the radiation detectors 4 are 
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semiconductor radiation detectors having a detection unit 
made of 5 mm thick CdTe, the detection efficiency of 141 
keV y-rays is about 80%. Although Embodiment 2 uses a 120 
keV radiation source, appropriate results will be 
obtained when processing is performed at a setting of 141 
keV because the resulting detection efficiency change is 
insignificant . In a radiation detector group of three 
layered radiation detectors 4, therefore, incident Y" 
radiation is attenuated by about 80% in the first layer 
radiation detector 4, and the 20% Y~ radiation passing 
through the first layer radiation detector 4 is 
attenuated by about 80% in the second layer radiation 
detector 4, that is, about 16% Y-^adiation attenuation 
occurs in the second layer radiation detector 4 . In the 

third layer radiation detector 4, the 4% Y~ radiation 
passing through the second layer radiation detector 4 is 
attenuated by about 80%, that is, about 3.2% Y- radia tion 
attenuation occurs. Y~ ra Y detection signals reflecting 
such attenuations are output from the radiation detectors 
4. When the Y" ra Y detection signals fed from the layered 
radiation detectors 4 are independently measured and the 
measurement result significantly differs (by, for 
instance, more than ±5%) from the theoretical detection 
efficiency proportion (80:16:3.2) of the layered 
radiation detectors 4, it means that one or more of the 
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radiation detectors 4 is deteriorated. As is the case 
with Embodiment 1, Embodiment 2 also makes it possible to 
locate a deteriorated radiation detector 4 within a 
radiation detector group and determine the percentage of 
detection efficiency decrease caused by deterioration* 
The concept of fault detection provided by Embodiment 2 
will be described below. 

In Embodiment 2, Y~ ra Y s emitted at a certain time 
from the Y~ ra Y source 33A fall on three radiation 
detectors 4 in a radiation detector group due to the 
shape of the collimator 27, but do not fall on three 
radiation detectors in a radiation detector group 
adjacent to the above radiation detector group. However , 
the concept of fault detection described with reference 
to Embodiment 1 is still applied to Embodiment 2, and the 
process applied to Embodiment 2 # which will be described 
later, is virtually the same as that is indicated in FIGS. 
5 and 6 . 

A SPECT examination process performed with the 
radiological imaging apparatus 1A will be described below. 
A SPECT pharmaceutical is administered to a medical 
examinee 17. A bed 16 on which the medical examinee 17 
is laid is inserted into a through-hole 6 of an image 
pickup device 2A. The SPECT pharmaceutical is gathered 
at a lesion in the medical examinee 17. The lesion in 



- 49 - 



the body of the medical examinee 17 emits 141 keV Y" ra YS 
(when the SPECT pharmaceutical contains 99 Tc). Radiation 
detectors 4 detect the emitted Y~ ra Y s as is the case with 
Embodiment 1. The Y~ ra Y detection signals output from the 
radiation detectors 4 are received by the associated Y~ ra Y 
discriminator 8A. The Y~ ra Y discriminator 8A uses a 
filter to pass a Y~ ra Y detection signal (excluding 
scattered Y~rays) having energy higher than an energy 
setting of 120 keV, and generates a pulse signal having 
an appropriate energy for the Y~ ra Y detection signal. A 
counter 36 uses the pulse signal to perform counting and 
determines the count data for the Y" ra Y detection signal. 
The counter 36 outputs the count data and the positional 
information about detection points (positional 
information about a radiation detector 4 that generated 

the Y" ra Y detection signal) . A computer 11 associates the 
count data with the positional information about 
detection points and stores it in a storage device 12. 

The computer 11 uses the count data and other 
relevant data to perform a processing procedure indicated 
in FIGS. 5 and 6 to reconstruct a tomogram of the medical 
examinee 17 . Embodiment 2 is different from Embodiment 1 
in processing steps 40, 41 , 44 , 46, and 47, but is equal 
to Embodiment 2 in the other processing steps. Therefore, 
the description of Embodiment 2 will cover processing 
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steps 40, 41 , 44 , 46, and 47 only. In step 40 of 
Embodiment 2, the count data derived from SPECT 
examination, the positional information about the 
associated detection points, and the count data derived 
from transmission imaging are read from the storage 
device 12 and input. In step 41, the theoretical 
detection efficiency proportion of grouped radiation 
detectors is calculated. This theoretical proportion can 
be determined by performing theoretical calculations on 
the transmission distance of y-rays emitted from the 
medical examinee 17 (this distance varies with the 
radionuclides contained in the SPECT pharmaceutical) and 
the sequence of Y~ ra Y transmission. When a SPECT 
pharmaceutical containing 99 Tc is administered to the 
medical examinee 17, the theoretical detection efficiency 
proportion of the first-layer to third-layer radiation 
detectors 4 in a radiation detector group is about 
80:16:3.2. 

In step 44 of Embodiment 2, the attenuation 
correction count for radiation detectors is calculated. 
Although paired Y~ ra Y s is emitted from a lesion during PET 
examination, a single Y~ ra Y is emitted during the SPECT 
examination. Therefore, step 44 of Embodiment 2 differs 
from the counterpart of Embodiment 1 . The attenuation 
correction count for radiation detectors in a radiation 
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detector group is calculated. As regards the Y- radia tion 
emission from a lesion during SPECT examination, one 
count data derived from SPECT examination and the y-ray 
attenuation rate calculated in step 43 are used to 
reconstruct the tomogram of the medical examinee 17. 
First, the transmission image obtained in step 43 is 
back-projected to determine the y-ray attenuation rate of 
each position within the body of the medical examinee 17. 
The determined y-ray attenuation rate is used to estimate 
the substance composition at each position within the 
body of the medical examinee 17. The estimated substance 
composition data is used to estimate the coefficient of 
141 keV linear attenuation at each position within the 
body. The estimated linear attenuation coefficient data 
is used by the forward projection method to determine the 
average linear attenuation coefficient for cases where y- 
rays are generated so that they are incident on a certain 
radiation detector via the collimator 27. The reciprocal 
of the determined linear attenuation coefficient is the 
attenuation correction count. 

In step 46 of Embodiment 2, the y-ray image pickup 
signal is corrected in accordance with the detection 
efficiency difference among radiation detectors. In 
SPECT examination where a single Y" ra Y is emitted, the 
count data is corrected using the detection efficiency of 
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a radiation detector group at which the single Y~ ra Y 
arrives. This correction is made in accordance with 
equation (2), which is described with reference to 
Embodiment 1. The value Xsi 13 in equation (2) is 
corrected SPECT count data. The corrected SPECT count 
data calculated from equation (2) is stored in the 
storage device 12. In step 47, the tomogram is 
reconstructed using the corrected SPECT count data Xsii-j, 
which is derived from the correction in step 46, and the 
positional information about detection points. 

Embodiment 2 also provides advantages (1) through 
( 6 ) of Embodiment 1 . 
Embodiment 3 

A radiological imaging apparatus of another 
embodiment (Embodiment 3) of the present invention will 
be described with reference to FIGS. 10 and 11. The 
radiological Imaging apparatus IB of Embodiment 3 is used 
for X-ray CT examination (in which an X-ray emission from 
an X-ray source 60 passes through the body of a medical 
examinee and is detected by radiation detectors) and PET 
examination. This apparatus IB comprises an image pickup 
device 2B in place of the image pickup device 2 for the 
radiological imaging apparatus 1 and a signal processor 
7A instead of the signal processor 7 for the radiological 
imaging apparatus 1. The other components of the 
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radiological imaging apparatus IB are the same as for the 
radiological imaging apparatus 1 . The image pickup 
device 2B uses a calibrated radiation source 
circumferential transfer unit 37B in place of the 
calibrated radiation source circumferential transfer unit 
37 that is used for the image pickup device 2. The 
calibrated radiation source circumferential transfer unit 
37B includes a guide rail 28 and a calibrated radiation 
source device 29B. The calibrated radiation source 
device 29B includes a calibrated radiation source drive 
30, a calibrated radiation source 31, an X-ray source 60, 
and an arm 38. The calibration radiation source 31 and 
X-ray source 60 are mounted on the end of the arm 38. 
The calibration radiation source 31 and X-ray source 60 
may be mounted on the end of the arm 38 so that they are 
aligned in the circumferential direction of a through- 
hole 6. The calibrated radiation source circumferential 
transfer unit 37B doubles as an X-ray source 
circumferential transfer unit. The calibrated radiation 
source drive 30 doubles as an X-ray source drive. 
Embodiment 3 includes a drive controller 35 and a 
radiation source controller 69. 

The X-ray source 60 includes a publicly known X- 
ray tube, which is not shown. This X-ray tube is 
provided with an anode, a cathode, a current source for 
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the cathode, and a voltage source for applying a voltage 
between the anode and cathode, which are mounted inside 
an external cylinder* The cathode is formed of a 
tungsten filament. Electrons are emitted from the 
filament when a current flows from the current source to 
the cathode. These electrons are accelerated by a 
voltage ( several hundred kV) applied from the voltage 
source between the cathode and the anode, and collide 
with the anode (W, Mo, etc.), which is the target. 
Collision of electrons with the anode produces X-rays of 
80 keV. These X-rays are emitted from the X-ray source 
60. 

The signal processor 7A includes a signal 
discriminator 61, a Y~ ra Y discriminator 8 not included in 
the signal discriminator 61, and a coincidence counter 9. 
The signal discriminator 61 is connected to each of the 
first-layer (4X) radiation detectors 4, which are the 
innermost radiation detectors in each radiation detector 
group. As shown in FIG. 12, each of the signal 
discriminators 61 includes a selector switch 62, a Y~ ra Y 
discriminator 8, and an X-ray signal processor 66. The 
selector switch 62 includes a movable terminal 63 and 
stationary terminals 64 and 65. The first-layer (4X) 
radiation detectors 4 are connected to the movable 
terminal 63 on the selector switch 62 via a wiring 13. 
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The Y~ ra Y discriminator 8 is connected to the stationary 
terminal 64, and the X-ray signal processor 66 is 
connected to the stationary terminal 65. The minus 
terminal on a power supply 68 is connected to the wiring 
13 via a resistor 67. The plus terminal on the power 
supply 65 is connected to radiation detectors 4. The 
radiation detectors in the second innermost layer (4Y) 
and third Innermost layer (4Z) within each radiation 
detector group are connected to their respective v ra Y 
discriminators 8 as is the case with Embodiment 1 . All 
the y-ray discriminators 8, including the y-ray 
discriminator 8 within the signal discriminator 61, are 
connected to one coincidence counter 9 . The coincidence 
counter 9 may be furnished for each division of radiation 
detectors 4 as is the case with Embodiment 1. The 
coincidence counter 9 and X-ray signal processor 66 are 
connected to the computer 11. 

First, a transmission data imaging process is 
performed with the calibrated radiation source 31 as is 
the case with Embodiment 1 . After completion of 
transmission data imaging, the image pickup device 2B is 
used to conduct a radiological examination (PET 
examination and X-ray CT examination) . 

An X-ray CT examination/PET examination process 
performed according to Embodiment 3 will be described 

/ 
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below. A PET pharmaceutical is injected into or 
otherwise administered to a medical examinee 17 in 
advance in such a manner that the radioactivity 
administered to the body of the medical examinee is 370 
MBq. When a predetermined period of time elapses, a bed 
16, on which the medical examinee 17 is laid, is inserted 
into the through-hole 6 of the image pickup device 2B so 
as to position the medical examinee 17 within the 
through-hole 6. An X-ray CT examination/PET examination 
is conducted with the image pickup device 2B. 

Before giving a detailed description of 
radiological examination according to Embodiment 3 , the 
principles of radiation detection provided by Embodiment 
3 will be described. X-rays emitted from the X-ray 
source are oriented in a specific direction and incident 
on the medical examinee for a predetermined period of 
time, and X-rays passing through the body of the medical 
examinee are detected by radiation detectors. This X-ray 
detection operation (scan) is repeated. The data for an 
X-ray CT image (tomogram that is derived from X-ray CT 
and contains an image of a medical examinee v s internal 
organs and bones) is created in accordance with the 
intensity of X-rays detected by a plurality of radiation 
detectors. For the acquisition of highly accurate X-ray 
CT image data, it is desirable that y-rays emitted from 
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the interior of the medical examinee 1 s body due to the 
administered PET pharmaceutical be not incident on the 
radiation detectors that are detecting X-rays during X- 

ray CT examination. The influence of y~ ra Y s on a single 
radiation detector is negligible when the duration of a 
medical examinee's exposure to X-rays is shortened in 
accordance with the rate of y-ray incidence. Therefore, 
efforts have been made to reduce the period of time 
during which the medical examinee is exposed to X-rays. 
The rate of y-ray incidence on a radiation detector is 
considered to determine the duration of X-ray exposure T. 
When the in-vivo radioactivity based on a PET 
pharmaceutical to be administered to a medical examinee 
for PET examination is N (Bq), the rate of generated y-ray 
passage through the body of the medical examinee is A, 
the rate of incidence determined from a solid angle of a 
radiation detector is B, and the sensitivity of a 
detection device is C, the rate of y-ray detection by the 
radiation detector a (counts/sec) is given by equation 
(3). In equation (3), the coefficient "2" means that a 
pair of y-rays (two y-rays) are emitted when a positron 
annihilates . 

a = 2NABC (3) 
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The probability W with which y-rays are detected by a 
detection device within the irradiation time T is given 
by equation (4). 

W = 1 - exp ( -Ta) (4) 

When the irradiation time T is determined so as to 
minimize the value W, the Influence of Y" r ays incident on 
a radiation detector during X-ray CT examination is 
negligible. 

A typical X-ray irradiation time T will be 
described below. The X-ray irradiation time T is 
determined from equations (3) and (4). The maximum 
radiation intensity prevailing within the body of a 
medical examinee due to a PET pharmaceutical administered 
to the medical examinee for PET examination is about 370 
MBq (N = 370 MBq ) . The rate of v r ay passage through the 
medical examinee's body A is about 0.6 (A = 0.6) on the 
presumption that the medical examinee's body is water 
having a radius of 15 cm. If , for instance, 5 mm square 
radiation detectors are arranged in the form of a ring 
having a radius of. 50 cm, the rate of incidence B 
determined from the solid angle of one radiation detector 
is 8 x 10~ 6 (B = 8 x 10~ 6 ). The radiation detector's 
maximum detection sensitivity C is about 0.6 (C = 0.6) 
when semiconductor radiation detectors are used. These 
values indicate that the rate of y-^ay detection by one 
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radiation detector a is about 2000 counts/second. If , 
for instance, the X-ray irradiation time T is 1.5 jxsec, 
the probability W with which a radiation detector detects 
y-rays during an X-ray detection process is 0.003. It 
means that such y-rays are practically negligible. If the 
X-ray irradiation time is 1.5 fxsec or shorter in 
situations where the radioactivity administered to the 
body is 360 MBq or less, W < 0.003. It means that the y~ 
ray detection probability is 0.3% or lower and negligible. 

An X-ray CT examination/PET examination performed 
with the image pickup device 2B according to the above 
principles will be detailed below. 

To start an X-ray CT examination, the drive 
controller 35 outputs a drive start signal to close a 
switch (hereinafter referred to as the motor switch) that 
is connected to a motor for the calibrated radiation 
source drive 30 and to a power supply. An electrical 
current is supplied to rotate the motor. The turning 
force of the motor is transmitted to a pinion via a speed 
reduction mechanism so that the calibrated radiation 
source device 29B, that is, the X-ray source 60 
circumf erentially moves along the guide rail 28. The X- 
ray source 60 moves around the medical examinee 17 at a 
preselected speed while it is positioned within the 
through-hole 6. At the end of the X-ray CT examination. 
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the drive controller 35 outputs a drive stop signal to 
open the motor switch. This stops the movement of the X- 
ray source 60 in the circumferential direction. In 
Embodiment 3, the radiation detectors 4, which are 
arranged circumf erentially in a circular form, do not 
move in the circumferential direction or in the axial 
direction of the through-hole 6. For a control signal 
transmission from the immobile X-ray source controller 
and drive controller to the mobile X-ray source device, a 
publicly known technology that does not obstruct the 
movement of the X-ray source device is used. 

The radiation source controller 69 controls the 
time of X-ray emission from the X-ray source 60. More 
specifically, the radiation source controller 69 
repeatedly outputs an X-ray generation signal and X-ray 
shut-off signal. The first X-ray generation signal is 
output in accordance with the input of the above, drive 
start signal to the radiation source controller 69. Upon 
X-ray generation signal output, a switch (this switch is 
hereinafter referred to as the X-ray source switch; not 
shown) provided between the X-ray tube anode (or cathode) 
of the X-ray source 60 and power supply closes. When a 
first preselected period of time elapses, the X-ray shut- 
off signal is output to open the X-ray source switch. 
When a second preselected period of time elapses, the X- 
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ray source switch closes . Radiation source control is 
repeatedly exercised in this manner. For the first 
preselected period of time, a voltage is applied between 
the anode and cathode. For the second preselected period 
of time, however, such a voltage application does not 
take place. Thanks to the control exercised by the 
radiation source controller 69, the X-ray tube emits 80 
keV X-rays in a pulsating manner. The irradiation time T, 
which is the first preselected period of time, is set, 
for instance, to 1 (isec so that the y-ray detection 
probability at radiation detectors 4 can be neglected. 
The second preselected period of time is the time 
interval TO during which the X-ray source 60 moves from 
one radiation detector 4 to a circumf erentially adjacent 
radiation detector 4, and determined by the speed at 
which the X-ray source 6 0 moves circumf erentially on the 
guide rail 28. The first and second preselected periods 
of time are stored in the radiation source controller 69. 

When the X-ray shut-off signal and X-ray 
generation signal are repeatedly output, the X-ray source 
60 emits X-rays for the first preselected period of time, 
that is, 1 lisec, and halts its X-ray emission for the 
second preselected period of time. This X-ray emission 
and shut -off cycle is repeated while the X-ray source 60 
moves in the circumferential direction. 
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X-rays emitted from the X-ray source 60 fall on 
the medical examinee 17 in the form of a fan beam. As 
the X-ray source 60 moves in the circumferential 
direction. X-rays come from the circumference to fall on 
the medical examinee 17. X-rays passing through the 
medical examinee 17 are detected by a plurality of 
radiation detectors 4 circumf erentially positioned around 
a radiation detector 4 that is mounted 180 degrees away 
from the X-ray source 60 when the axial center of the 
through-hole 6 is regarded as the base point. These 
radiation detectors output the detection signals related 
to the detected X-rays. The X-ray detection signals are 
then entered in the respective signal discriminators 61 
via the associated wirings 13. These X-ray detecting 
radiation detectors 4 are referred to as first radiation 
detectors 4 for the sake of convenience. 

From the medical examinee 17 on the bed 16 # 511 
keV y-rays are emitted due to the administered PET 
pharmaceutical. Radiation detectors 4 other than the 
first radiation detectors 4 output Y~ ra Y detection signals 
These Y* ra Y detecting radiation detectors 4 are referred 
to as second radiation detectors 4 for the sake of 
convenience. The Y~ ra Y detection signals output from the 
second radiation detectors in the first layer are 
delivered to the respective signal discriminators 61 via 
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the associated wirings 13. The Y _ra Y detection signals 
output from the second radiation detectors in the second 
and third layers are delivered to the respective y-ray 
discriminators 8 via the wirings 13. Note that only the 
radiation detectors 4 in the first layer are connected to 
the signal discriminators 61. The reason is that almost 
all X-rays (more than 90%) passing through the medical 
examinee 17 are detected by the radiation detectors 4 in 
the first layer since the X-ray energy is 80 keV. 

Within the signal discriminator 61, the y-^ay 
detection signal output from a second radiation detector 
4 in the first layer is conveyed to a Y~ ra Y> discriminator 
8, and the X-ray detection signal output from a first 
radiation detector 4 is conveyed to the X-ray signal 
processor 66. These detection signal transmission 
operations are performed in accordance with a switching 
operation of the selector switch 62 of the signal 
discriminator 61. The switching operation for connecting 
the movable terminal 63 of the selector switch to the 
stationary terminal 64 or 65 is performed in accordance 
with a switching control signal that is output from the 
drive controller 35. The drive controller 35 selects the 
first radiation detector 4 from the radiation detectors 4 
in the first layer, and connects the movable terminal 63 
to the stationary terminal 6 5 in the signal discriminator 
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61 to be connected to the first radiation detector 4. 
The theoretical detection efficiency proportion of three 
layered radiation detectors in a radiation detector group 
is 20:16:12.8 (the values are arranged in order from the 
innermost detector to the outermost). 

The selection of the first radiation detectors 4 
will be described. An encoder (not shown) is linked to a 
motor in the calibrated radiation source drive 30. The 
drive controller 35 inputs the encoder's detection signal, 
determines the circumferential position of the calibrated 
radiation source drive 30, that is, the X-ray source 60, 
and uses the stored positional data about radiation 
detectors 4 to select a radiation detector 4 that is 
positioned 180° away from the X-ray source 60. Since the 
X-rays emitted from the X-ray source 60 has a width in 
the circumferential direction of the guide rail 28, not 
only the selected radiation detector 4 but also the other 
radiation detectors positioned in the circumferential 
direction detect X-rays passing through the medical 
examinee 17. The drive controller 35 selects such 
additional radiation detectors as well. These radiation 
detectors are the first radiation detectors. As the X- 
ray source moves in the circumferential direction, the 
first radiation detectors 4 change. It looks as if the 
first radiation detectors 4 moved in the circumferential 
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direction during the circumf erential travel of the X-ray 
source 60. When the drive controller 35 selects another 
radiation detector 4 during the circumferential travel of 
the X-ray source 60, the movable terminal 63 connected to 
the newly designated first radiation detector 4 is 
connected to stationary terminal 65. When the movable 
terminal 63 is connected to a radiation detector 4 that 
is no longer the first radiation detector 4 due to the 
circumferential travel of the X-ray source 60, it is 
connected to the stationary terminal 64 by the drive 
controller 35. A radiation detector in the first layer 
becomes a first radiation detector 4 at a certain time 
and becomes a second radiation detector 4 at another time, 
depending on the positional relationship to the X-ray 
source 60. Therefore, a radiation detector 4 in the 
first layer outputs both an X-ray image pickup signal and 
a y-ray image pickup signal at different times. 

A first radiation detector 4 detects X-rays 
passing through the medical examinee 17 after being 
emitted from the X-ray source 60 for a first preselected 
period of time, that is, 1 jisec. The probability with 
which the first radiation detector 4 detects a y-raY 
emission from the medical examinee 17 for a 1 (xsec period 
is very low and negligible as explained earlier. Many 
rays generated within the body of the medical examinee 17 
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due to the administered PET pharmaceutical are not 
emitted in a specific direction but emitted in all 
directions. As described earlier, these y-rays are paired, 
emitted in almost opposite directions ( 180°±0 . 6°) , and 
detected by a certain second radiation detector 4 . 

A signal process performed by a signal 
discriminator 61 when it receives an X-ray detection 
signal/y-ray detection signal output from a radiation 
detector 4 in the first layer will be described. As 
explained earlier, the X-ray detection signal output from 
a first radiation detector 4 is received by the X-ray 
signal processor 66 via the selector switch 62. The X- 
ray signal processor 66 uses an integrator to perform 
calculations on the input X-ray detection signal and 
outputs the information about the integrated X-ray 
detection signal value, that is, the measured X-ray 
intensity. The intensity information about the X-ray 
detection signal is conveyed to the computer 11 and 
stored in the storage device 12 by the computer 11. The 
Y-ray detection signal output from a second radiation 
detector 4 in the first layer is received by a y-ray 
discriminator 8 via the selector switch 62. The Y~ r ay 
discriminator 8 for a signal discriminator 61 generates a 
pulse signal having a predetermined energy when it 
receives a y-ray detection signal having an energy greater 
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than an energy setting (400 keV) . As is the case with 
Embodiment 1 , a coincidence counter 9 receives pulse 
signals output from all y-ray discriminators 8, and 
outputs the count data about each y-ray detection signal 
and the positional information about the two points of 
paired y-ray detection. The count data and positional 
information are conveyed to the computer 11 and stored in 
the storage device 12 by the computer 11. 

The computer 11 performs a process Indicated in 
FIG. 13. The X-ray detection signal intensity, the count 
data and positional information about the associated 
detection points derived from PET examination, and the 
count data derived from transmission data imaging are 
read from the storage device 12 and input (step 69). The 
rate of X-ray attenuation in each voxel within the body 
of the medical examinee 17 is calculated from the X-ray 
detection signal intensity (step 70). The calculated X- 
ray attenuation rate is stored in the storage device 12. 
The tomogram of the medical examinee 17 is reconstructed 
using the rate of X-ray detection signal attenuation at 
the associated positions (step 71). The tomogram 
reconstructed using the X-ray detection signal 
attenuation rate is referred to as an X-ray CT image. 
For X-ray CT image reconstruction purposes, the X-ray 
detection signal attenuation rate read from the storage 
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device 12 is used to determine the coefficient of linear 
attenuation within the body of the medical examinee 17 
between the X-ray source 60 and the semiconductor device 
unit of a first radiation detector 4. This linear 
attenuation coefficient is used to determine the linear 
attenuation coefficient of each voxel by the filtered 
back projection method. The linear attenuation 
coefficient of each voxel is used to determine the CT 
value of each voxel. The determined voxel CT values are 
used to obtain X-ray CT image data. The X-ray CT image 
data is stored in the storage device 12. Next, the 
cross-sectional tomogram of the medical examinee 17 is 
reconstructed using the y-ray detection signal count data 
about the associated positions and the positional 
information about detection points (step 72). The 
tomogram reconstructed using the y-^ay detection signal 
count data is referred to as a PET image. In step 72, 
processing steps 41 through 47 in FIG. 5, which is used 
for the description of Embodiment 1, are performed to 
obtain a PET image. The obtained PET image data is 
stored in the storage device 12. The PET image data and 
X-ray CT image data are synthesized to obtain synthesized 
tomogram data, which contains both the PET image data and 
X-ray CT image data. The resulting synthesized tomogram 
data is stored in the storage device 12 (step 73). 
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Synthesis of PET image data and X-ray CT image data can 
be achieved easily and accurately by aligning a reference 
point common to these two image data (e.g., central axis 
position of the through-hole 6). Positional alignment 
can be accurately achieved because the PET image data and 
X-ray CT image data are generated according to detection 
signals s output from shared radiation detectors 4. The 
synthesized tomogram data is recalled from the storage 
device 12, output to the display device 130 (step 74), 
and displayed on the display device 130. Since the 
synthesized tomogram displayed on the display device 130 
contains an X-ray CT image, a diseased area visualized by 
a PET image can easily be located within the body of a 
medical examinee 17. More specifically, since the X-ray 
CT image contains an image of Internal organs and bones, 
doctors can locate a diseased area (e.g., cancerous area) 
based on the relationship to the internal organs and 
bones . 

Embodiment 3 provides the following advantages in 
addition to advantages (1) through (6) of Embodiment 1. 

(7) In Embodiment 3, it is possible to detect not 
only a plurality of paired y-rays emitted from a medical 
examinee 17 or a subject with radiation detectors 4 
arranged around the circumference of the through-hole 6 
but also X-rays that are emitted from a circumf erentially 



- 70 - 



moving X-ray source 60 and passed through the medical 
examinee 17 (with radiation detectors 4 in the first 
layer) . Although a conventional technology required the 
use of an image pickup device for detecting transmitted 
X-rays and the use of another image pickup device for 
detecting y-rays. Embodiment 3 requires the use of only 
one image pickup device and simplifies the structure of < 
radiological imaging apparatus that provides both X-ray 
CT examinations and PET examinations. 

(8) In Embodiment 3, each of first-layer 
radiation detectors 4 arranged around the circumference 
of the through-hole 6 outputs both an X-ray detection 
signal and y-ray detection signal. This configuration 
contributes toward radiological imaging apparatus 
structure simplification and downsizing. 

(9) Embodiment 3 uses X-ray detection signals 
output from radiation detectors 4 in the first layer to 
reconstruct a first tomogram (X-ray CT image) of a 
medical examinee 17, which contains an image of internal 
organs and bones. It also uses y-ray detection signals 
output from radiation detectors 4 in the first to third 
layers to reconstruct a second tomogram (PET image) of 
the medical examinee 17, which contains an image of a 
diseased area. Since first and second tomogram data are 
reconstructed in accordance with the signals output from 
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radiation detectors 4 that are mounted around the 
circumference of the through-hole 6 in an image pickup 
device 23, the first and second tomogram data can be 
synthesized with their positional relationship accurately 
adjusted. Therefore , an accurate tomogram (synthesized 
tomogram) containing an image of a diseased area, 
internal organs, and bones can be obtained with ease. 
The resulting synthesized tomogram makes it possible to 
accurately locate a diseased area based on the 
relationship to the internal organs and bones. The first 
and second tomogram data can easily be synthesized by, 
for instance, effecting tomogram alignment with respect 
to the axial center of the through-hole 6 in the image 
pickup device 2B. 

(10) In Embodiment 3, detection signals necessary 
for the creation of a first tomogram and detection 
signals necessary for the creation of a second tomogram 
can be obtained from shared radiation detectors 4. 
Therefore, the time required for the examination of a 
medical examinee 17 (examination time) can be 
considerably reduced. In other words, the detection 
signals necessary for the creation of the first tomogram 
and the detection signals necessary for the creation of 
the second tomogram can be obtained within a short 
examination time. Unlike a conventional technology. 



- 72 - 



Embodiment 3 minimizes the probability with which a 
medical examinee moves because it does not have to 
transfer a medical examinee from an image pickup device 
for transmitted X-ray detection to another image pickup 

device for y-ray detection. Since the necessity for 
transferring a medical examinee from an image pickup 
device for transmitted X-ray detection to another image 
pickup device for y-ray detection is eliminated, the time 
required for the examination of a medical examinee can be 
reduced. 

(11) Since the amount of Y~ ra Y image pickup signal 
input to the X-ray signal processor 66, that is, a first 
signal processor is considerably reduced, accurate data 
about a first tomogram can be obtained- Therefore, when 
image data derived from the synthesis of the data about a 
first tomogram and the data about a second tomogram is 
used, diseased areas can be located with increased 
accuracy. 

(12) In Embodiment 3, the X-ray source 60 
circulates inside a number of arrayed radiation detectors. 
Therefore, the diameter of the through-hole 6 increases, 
making it possible to increase the number of radiation 
detectors 4 to be mounted in the first layer. Increasing 
the number of radiation detectors 4 mounted in the 
circumferential direction enhances the sensitivity and 
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improves the cross -sectional image resolution of a 
medical examinee 17. 

(13) In Embodiment 3, the arm 38 on which the X- 
ray source 60 is mounted and the X-ray source 60 are 
positioned inside radiation detectors 4. Therefore, they 
could obstruct the y-rays emitted from a medical examinee 
17 and prevent radiation detectors 4 positioned 
Immediately behind them from detecting such y-rays, 
resulting in the loss of detected data necessary for PET 
image formation. In Embodiment 3, however, the 
calibrated radiation source drive 30 rotates the X-ray 
source 60 and arm 38 in the circumferential direction as 
described earlier. Therefore, Embodiment 3 does not 
incur any substantial loss of data. It should be noted 
in this connection that the X-ray source 60 and arm 38 
rotate at a rate of about 1 second per slice. The time 
required for the rotation of the X-ray source and arm is 
considerably shorter than the minimum time required for 
PET examination, which is on the order of several minutes. 
It means that no substantial data loss can occur. 
Embodiment 4 

A radiological imaging apparatus of another 
embodiment (Embodiment 4) of the present invention will 
be described with reference to FIG. 14. The radiological 
Imaging apparatus 75 of Embodiment 4 is a digital X-ray 
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examination apparatus that uses a flat panel detector. 
The radiological imaging apparatus 75 includes an X-ray 
source 76 that is supported by a stanchion 77, a flat 
panel detector provided with a plurality of radiation 
detectors (not shown) and supported by a stanchion 79, X- 
ray signal processors 66, and an X-ray imaging device 80. 
Within the flat panel detector 78, a large number of 
radiation detectors 4 are arranged in the direction of 
the height and in the direction of the width. As 
indicated by radiation detectors 4i, 4j, and 4k in FIG. 
15, the radiation detectors 4 are also linearly arranged 
in the direction of the depth (in the traveling direction 
of X-rays passing through a medical examinee 17) so as to 
form three layers of radiation detectors . A plane 82 
shown in FIG. 15 faces the X-ray source 76. The X-ray 
signal processor 66 is connected to the radiation 
detectors 4. The X-ray imaging device 80 includes a 
computer 11, a storage device 12, and a display device 
130. The storage device 12 and display device 130 are 
connected to the computer 11 to which all the radiation 
detectors are connected. 

An X-ray examination performed with the 
radiological imaging apparatus 75 will be described below. 
A medical examinee 17 stands between the X-ray source 76 
and flat panel detector 78 with its back facing the X-ray 
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source 76. X-rays emitted from the X-ray source 76 pass 
through the medical examinee 17 and are detected by the 
radiation detectors 4 in the flat panel detector 78. The 
radiation detectors 4 detect X-rays and output X-ray 
detection signals. The X-ray signal processors 66 add up 
the X-ray detection signals so as to output the 
information about X-ray intensity. The X-ray intensity 
information output from each X-ray signal processor 66 is 
entered in the computer 11 and stored in the storage 
device 12. The computer 11 acquires the X-ray intensity 
information from the storage device 12 and calculates the 
rates of X-ray attenuation at various positions within 
the body of the medical examinee 17. 

A radiation detector group is formed by three 
layered radiation detectors 4 that are linearly arranged 
in the direction of the depth, beginning with the plane 
82 of the flat panel detector 78. In Embodiment 4, the 
detection efficiency proportion of radiation detectors 4 
in a radiation detector group also varies with the energy 
of X-rays emitted from the X-ray source 76. When, for 
instance, the radiation detectors 4 having a detection 
unit, which is a 2 mm cube made of CdTe, detect 100 keV 
rays passing through a medical examinee 17, the 
theoretical detection efficiency proportion prevailing 
within the radiation detector group is about 84:13:2.5. 
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This theoretical detection efficiency proportion is 
stored in the storage device 12. 

The computer 11 uses the X-ray intensity 
information stored in the storage device 12 to calculate 
the measured detection efficiency proportion of radiation 
detectors 4 in each radiation detector group. The 
computer 11 performs processing step 52 of Embodiment 1. 
When the deviation of the calculated measured detection 
efficiency proportions from the theoretical one is within 
a predefined range, the computer 11 uses the above- 
calculated X-ray attenuation rate to generate grayscale 
image data for X-ray imaging of the medical examinee 17. 
If the above-mentioned deviation is outside the 
predefined range, on the other hand, the computer 11 
performs processing steps 53, 54, and 55 of Embodiment 1. 
When the detection efficiency of a deteriorated radiation 
detector is corrected in processing step 55, the X-ray 
Intensity for that radiation detector is determined 
according to the corrected detection efficiency, and the 
above-mentioned X-ray attenuation rate is corrected with 
the determined X-ray intensity taken into account. The 
computer 11 uses the corrected X-ray attenuation rate to 
generate the above-mentioned grayscale image data. 

Embodiment 4 provides advantages (1) through (5) 
of Embodiment 1. However, it should be noted that 
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advantage (3) results in an increase in the X-ray image 
accuracy . 

In Embodiment 4, the radiation detectors do not 
always have to be linearly arranged in the direction of 
the depth of the flat panel detector 78, They can be 
alternatively arranged so that all the radiation 
detectors 4 in the second layer overlap with two 
radiation detectors in the first layer (as viewed from 
the plane 82 ) . 

Next, the correction method to be used when the 
radiation detectors are not linearly arranged will be 
described with reference to an example in which a flat 
panel detector is used for digital X-ray examination. 
Although a radiological imaging apparatus having a flat 
panel detector is the same as indicated in FIG. 10, the 
first- to third-layer radiation detectors 4 for the flat 
panel detector 70 are nonlinearly arranged with the 
second- layer radiation detectors 4 shown in FIG. 15 
displaced laterally. Even when the radiation detectors 4 
are arranged in this manner to form multiple layers , it 
is possible to locate part of deteriorated radiation 
detectors 4 and provide corrections for the measured 
values of deteriorated radiation detectors. 
Embodiment 5 
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A radiological imaging apparatus of another 
embodiment (Embodiment 5) of the present invention will 
be described with reference to FIG. 16. The radiological 
imaging apparatus 83 of Embodiment 5 is an X-ray CT 
apparatus. The radiological imaging apparatus 83 
includes an X-ray source 84 that is mounted on an arm 86, 
a radiation detector unit 85 mounted on the arm 86, X-ray 
signal processors 66, and a tomogram generator 88. The 
arm 86 is supported by a stanchion 87. The X-ray source 
84 and radiation detector unit 85 face each other and are 
positioned away from each other so that a medical 
examinee 17 can be positioned between them. As is the 
case with the flat panel detector 78, the radiation 
detector unit 85 is equipped with a large number of 
radiation detectors 4 . The radiation detectors 4 are not 
only arranged in the direction of the height and in the 
direction of the width, but also linearly arranged in the 
direction of the depth, beginning with the plane facing 
the X-ray source 84, so as to form three radiation 
detection layers. The arm 86 can be rotated, although 
the details of its mechanism are not shown, so that the 
X-ray source 84 and radiation detector unit 85 move 
around the medical examinee 17 lying on a bed 16. 

An examination performed with the radiological 
imaging apparatus 83 will be described below. A medical 
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examinee 17 lying on the bed is positioned between the X- 
ray source 84 and radiation detector unit 85. X-rays 
emitted from the X-ray source 84 fall on the medical 
examinee 17 and pass through the body of the medical 
examinee 17. The X-rays transmitted in this manner are 
detected by the radiation detectors 4 in the radiation 
detector unit 85. The rotating device (not shown) for 
the arm 86 rotates the X-ray source 84 and radiation 
detector unit 85 around the medical examinee 17 (through 
180° or 360° relative to a certain cross section of the 
medical examinee 17). X-ray detection signals output 
from the radiation detectors 4 are entered in the 
respective X-ray signal processors 66. The X-ray signal 
processors 66 determine the X-ray intensity in accordance 
with the measurements of the X-ray detection signals. In 
accordance with the X-ray intensity, a computer 11 
calculates the medical examinee's in-vivo X-ray 
attenuation rate that prevails between the rotating X-ray 
source 84 and the portion of the rotating radiation 
detector unit 85 that faces the X-ray source 84. The 
linear attenuation coefficient determined in this manner 
is stored in the storage device 12. 

In the same manner as in step 51 of Embodiment 1, 
the computer 11 calculates the detection efficiency 
proportion of three layered radiation detectors 4 that 
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are linearly arranged beginning with the plane facing the 
X-ray source 84 for the radiation detector unit 85, and 
then continues to perform processing steps 52 , 53 , 54, 
and 55 of Embodiment 1. When the deviation of the 
calculated measured detection efficiency proportion from 
the theoretical one is found in processing step 52 to be 
within a predefined range, the computer 11 uses the 
aforementioned filtered back projection method or the 
like to determine the linear attenuation coefficient of 
each voxel from the detector-to-radiation source X-ray 
attenuation rate stored in the storage device 12, and 
converts the resulting value to a CT value. If the above 
deviation is found in processing step 52 to be outside 
the predefined range, on the other hand, the computer 11 
uses the corrected detection efficiency value to correct 
the linear attenuation coefficient stored in the storage 
device 12, and calculates the CT value from the corrected 
linear attenuation coefficient. The computer 11 uses the 
CT value of each voxel to reconstruct the X-ray CT image. 

Embodiment 5 provides the advantages of 
Embodiment 4 . 
Embodiment 6 

When Y-rays emitted from a medical examinee due to 
an administered PET pharmaceutical fall on a radiation 
detector, they attenuate although in some cases they may 
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pass through as they are. When y-ray attenuation occurs 
within a radiation detector, the radiation detector 
outputs a detection signal (electrical charge) that 
corresponds to the y-ray energy attenuation. Detected 
(attenuated) y-rays scatter within the radiation detector 
except when they suffer total attenuation. Scattered y- 
rays change their direction of travel and fall on another 
radiation detector at a different angle of incidence. It 
goes without saying that scattered y-rays may pass through 
a radiation detector without suffering any subsequent 
attenuation, suffer total attenuation within another 
radiation detector, or scatter again and become detected. 
In other words, y-rays detected by a radiation detector 
may be either unscattered y-rays (not scattered by a 
radiation detector) or scattered y-rays. 

As described above, y-rays change the direction of 
their travel when they scatter. Therefore, the source of 
y-ray generation does not exist on the extension of a 
scattered y-ray vector. That is, PET image data based on 
scattered y-ray detection signals turns out to be 
erroneous, causing an error. In consideration of energy 
attenuation upon y-ray scattering, therefore, y-rays 
having an energy smaller than a predefined threshold 
energy value were conventionally considered to be 
scattered and then removed. When such a method was 
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employed, however, unscattered y-rays were frequently 
regarded as scattered Y~ ra YS simply because their energy 
was below the above-mentioned threshold energy value so 
that the PET image data collection efficiency was lowered. 

A nuclear medicine diagnostic apparatus described 
in JP-A No. 321357/2000 subjects y-ray detection signals 
to coincidence counting when it detects a plurality of y- 
rays , concludes that nearly simultaneously detected y-rays 
are generated from the same source, checks whether the 
calculated total energy of the detected y-rays is within a 
predefined range, and determines whether unscattered y- 
rays are included in the detected y-rays. When it 
concludes that unscattered y-rays are included, it selects 
an initial y-ray incidence position by picking up one 
detected y-ray having a statistically high probability of 
being unscattered. However, the initial incidence 
position determined by this conventional technology is 
selected probabilistically and may be in error. 
Therefore, this conventional technology merely provides a 
limited increase in the detection. 

As a solution to the problem with the nuclear 
medicine diagnostic apparatus described in JP-A No. 
321357/2000, a radiological imaging apparatus of another 
embodiment (Embodiment 6) of the present invention will 
be described with reference to FIGS. 17 through 22. The 
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radiological imaging apparatus 1C of Embodiment 6 aims at 

locating unscattered y-rays with high efficiency and 
generating highly accurate PET images. 

The radiological imaging apparatus 1C employs the 
same hardware configuration as the radiological imaging 
apparatus IB shown in FIG- 10, except that the former 
uses an image pickup device 2C in place of the image 
pickup device 2B and a signal processor 7B in place of 
the signal processor 7A. The image pickup device 2C has 
the same configuration as the image pickup device 2B, 
except that the former uses an X-ray source 
circumferential transfer unit 37C in place of the 
calibrated radiation source circumferential transfer unit 
37B and does not contain the calibrated radiation source 
31. The other components of the image pickup device 2C 
are the same as those of the image pickup device 2B. The 
X-ray source circumferential transfer unit 37C includes 
an X-ray source drive 30C, an X-ray source device 29C 
that is provided with an arm 38 and an X-ray source 60, 
and a guide rail 28. The X-ray source drive 30C has the 
same configuration as the calibrated radiation source 
drive 30. The X-ray source 60 has the same configuration 
as the counterpart of Embodiment 3. The signal processor 
7B has the same configuration as the signal processor 7A, 
except that the former uses a coincidence counter 9A in 
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place of the coincidence counter 9 as shown in FIG. 18. 
The radiological imaging apparatus 1C includes a drive 
controller 35 and a radiation source controller 69. Sets 
of three layered radiation detectors 4 are arranged in 
the direction of the radius of a through-hole 6 as shown 
in FIG. 19 and mounted on a radiation detector support 
plate 5 as shown in FIG. 3. 

After the administration of a PET pharmaceutical, 
a bed 16 on which a medical examinee 17 lies is moved to 
position the medical examinee 17 within the through-hole 
6. At the beginning of an X-ray CT examination , the 
drive controller 35 closes a motor switch. When the 
motor switch closes, a power source supplies an 
electrical current to the motor (mounted in the X-ray 
source drive 30C) so that the X-ray source device 29C 
rotates around the medical examinee 17. As is the case 
with Embodiment 3, the drive controller 35 also exercises 
switching control of a selector switch 6 2 (shown in FIG. 
12), which is provided for a signal discriminator 61. As 
is the case with Embodiment 3 , the radiation source 
controller 69 exercises open/close control over an X-ray 
source switch connected to an X-ray tube of the X-ray 
source 60 during an X-ray CT examination for the purpose 
of allowing the X-ray source 60 to emit X-rays (80 keV) 
for a first preselected period of time (e.g., 1 jxsec) and 
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inhibiting the X-ray source 60 from emitting X-rays for a 
second preselected period of time. As a result. X-rays 
come from the circumference to fall on the medical 
examinee 17. 

After X-rays pass through the medical examinee 17 , 
they are detected by a plurality of first radiation 
detectors 4 that exist within a predefined area facing 
nearly the X-ray source 60, which is on the opposite side 
of the through-hole 6. X-ray detection signals output 
from the first radiation detectors 4 (contained in a row 
of first-layer detectors 4X) are conveyed via a wiring 13 
and a selector switch 62. 

Meanwhile, Y" ra Y s emitted from the body of the 
medical examinee 17 due to PET pharmaceutical 
administration are detected by second radiation detectors 
4 in detector row 4X and radiation detectors 4 in second- 
layer detector row 4Y and third-layer detector row 4Z. 
The y-ray detection signals output from the first 
radiation detectors 4 in detector row 4X are conveyed to 
a y-ray discriminator 8 via the selector switch 62. The 
y-ray detection signals output from the radiation 
detectors 4 in detector rows 4Y and 4Z are conveyed to 
the associated Y~ray discriminators 8 via the wiring 13. 

In accordance with the input X-ray detection 
signals, the X-ray signal processors 66 calculate the X- 
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ray detection signal intensity and output it to the 
computer 11. On the other hand, the y-ray discriminators 
8 use the input y-ray detection signals to output a pulse 
signal that corresponds to the y-ray energy attenuation in 
the radiation detectors 4 that have generated the y-ray 
detection signals. The output pulse signal is conveyed 
to the coincidence counter 9A. 

In accordance with pulse signals that are output 
from the y-ray discriminators 8 and entered within a 
preselected period of time (e.g., within 10 nsec) , the 
coincidence counter 9A identifies the two radiation 
detectors 4 that output the detection signals for y-rays 
unscattered in the radiation detectors 4 (these y-rays are 
hereinafter referred to as unscattered y-rays), and 
outputs a PET image data signal, which contains the 
information about the positions of the radiation 
detectors 4 (initial incidence positions) and the 
direction of initial Incidence, to the computer 11 (the 
process will be detailed later with reference to FIG. 22). 
Further, the coincidence counter 9A counts the two pulse 
signals that are generated due to the Y~ ra Y detection 
signals entered within the above-mentioned preselected 
period of time from two identified radiation detectors 4, 
and outputs the resulting count data to the computer 11. 
To remove the detection signals for y-rays scattered 
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within the body of the medical examinee 17, the 
coincidence counter 9A checks whether the total energy 
attenuation for the Y~ ra Y detection signals generating the 
input pulse signals (total energy) is higher than a 
predefined energy threshold value (checks whether y ra Y s 
are not scattered within the body of the medical examinee 
17). If the total energy is equal to or lower than the 
threshold energy value, the coincidence counter 9A 
removes the pulse signal count data based on such y-ray 
detection signals. In a nutshell, the initial incidence 
positions are the positions of two radiation detectors 4 
that were the first to detect paired Y~ ra YS emitted from 
the body of the medical examinee 17. 

The computer 11 performs processing steps 90, 91, 
71, 72A, 73, and 74 shown in FIG. 20. In step 90, the 
computer 11 first inputs the v ra Y detection signal count 
data from the coincidence counter 9A, the positional 
information about the associated detection points, and 
the X-ray detection signals from the X-ray signal 
processors 66. In step 91, the computer 11 stores these 
items of input information into the storage device 12. 
In step 71, the computer 11 uses the X-ray detection 
signal intensity to calculate the rate of X-ray 
attenuation in each voxel for the body of the medical 
examinee 17. As is the case with Embodiment 3, the 
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computer 11 also uses the attenuation rate in step 71 to 
generate X-ray CT image data about cross sections of the 
medical examinee 17, 

In step 72A, the PET image data about cross 
sections of the medical examinee 17, including a diseased 
area (e.g. , carcinomatous lesion), is generated. 
Processing steps 41, 42, and 44 through 47 (processing 
steps shown in FIG. 5 for Embodiment 1), which are 
performed in step 72 for Embodiment 3, are performed in 
step 72 A. In Embodiment 6, however, no transmission 
data imaging is conducted with the calibrated radiation 
source 31. In step 44, therefore, the in- vivo 
attenuation correction count (reciprocal of linear 
attenuation coefficient) is calculated according to the 
alternative in-vivo absorption correction method 
described with reference to Embodiment 1 and not in 
accordance with the y-ray detection signals obtained 
during transmission data imaging. In step 73, the PET 
image data and X-ray CT image data are synthesized to 
create synthesized tomogram data as is the case with 
Embodiment 3 . The created data appears on the display 
device 130 (step 74). 

It is possible that Y~ ra Y s detected by a certain 
radiation detector 4 may scatter. Generated y-^ays change 
their traveling direction when they are scattered. If 



- 89 - 



either or both of paired Y~ ra Ys detected by the 
coincidence counter 9A are scattered y-rays, the straight 
line joining the radiation detectors 4 that detected such 
y-rays does not pass the generation source for the 
detected Y-rays. To increase the reliability of PET 
images generated for PET examination, it is therefore 
necessary to accurately determine whether the obtained Y" 
ray detection signals relate to scattered Y-^ays or 
unscattered y-rays, and locate an increased number of 
radiation detectors 4 that detected unscattered paired y~ 
rays . 

A major feature of the radiological imaging 
apparatus 1C is to determine the positions and directions 
of paired y-ray initial incidence by performing the 
procedure indicated in FIG. 22. In Embodiment 6, two 
different situations are considered. In one situation, 
the detection signals (Y~ray image pickup signals) are 
output by three or more radiation detectors 4 according 
to the aforementioned coincidence counter 9A during a 
preselected period of time (e.g., 10 nsec) . In the other 
situation, such detection signals are output by two or 
fewer radiation detectors 4. A characteristic procedure 
is a processing procedure for identifying the positions 
and directions of y-ray initial incidence in cases where 
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three or more y-ray image pickup signals are picked up by 
coincidence counting. 

First of all, the processing procedure for 
determining the positions and directions of y-ray initial 
incidence in cases where three or more radiation 
detectors 4 are picked up by coincidence counting will be 
described. FIG. 21 shows the energy/scatter angle 
relationship between unscattered y-rays incident on a 
radiation detector 4 and y-rays scattered within the 
radiation detector 4. In Embodiment 6, the 
characteristic shown in FIG. 21 is taken into account. 
When, for instance, one of a pair of y-rays is scattered 
within a radiation detector 4 that achieved y-ray 
detection (that is, if three or more y-rays sharing the 
same generation source exist, including scattered y-rays), 
the radiation detectors 4 that detected unscattered y-rays 
(initial incidence positions) and the directions of 
initial incidence are determined from the scatter angle 
of scattered y-radiation while making use of the data 
about an unscattered y-ray paired with an unscattered y- 
ray serving as a scattered y-ray generation source. 
Scattered y-rays are generated when unscattered y-rays are 
scattered within a radiation detector 4 that detected 
such unscattered y-rays. 
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A case where a PET examination is conducted for 
cancer screening will be described as an example. Under 
normal conditions, f luoro-deoxyglucose ( 18 FDG), which is a 
form of glucose that tends to gather at cancer cells, is 
first administered to a medical examinee 17 as a PET 
pharmaceutical. When administered, 18 FDG emits positrons. 
When positrons annihilate, a pair of y-rays having a 
predefined energy (511 keV when 18 FDG is administered) are 
emitted. These unscattered paired Y~ ra Y s emitted from the 
same source travel in virtually opposite directions. The 
energy of unscattered Y~ ra YS incident on a radiation 
detector 4 remains at 511 keV unless they are scattered 
within the body of the medical examinee 17 or elsewhere 
before being incident on the radiation detector 4 . 

Suppose that, when 18 FDG is uses as a PET 
pharmaceutical, paired y-^ays having an energy of 511 keV 
are emitted in this manner from the body of the medical 
examinee 17, one of the unscattered paired Y~ ra ys suffers 
100 keV attenuation in radiation detector 4g shown in FIG. 
19, scattered Y~ ra YS generated in radiation detector 4g 
due to such an unscattered y-ray suffer 100 keV 
attenuation in radiation detector 4h, and the remaining 
unscattered paired Y~ ra Y suffers total attenuation in 
radiation detector 4f (the positions of radiation 
detectors 4f , 4g, and 4h are regarded as O, A, and B, 
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respectively). Radiation detectors 4f, 4g, 4h in which y- 
rays are attenuated output y-ray detection signals. In 
this instance, the paired y-rays are emitted in opposite 
directions due to a PET pharmaceutical gathered in a 
diseased area. Therefore, the direction of paired y-ray 
travel (more specifically the traveling direction of an 
opposite unscattered y-ray) is a combination of the vector 
OA and vector AO or a combination of the vector OB and 
vector BO. If the direction of an unscattered y-ray is 
the vector OA (the initial incidence position is position 
A), the energy of a scattered y-ray is 411 keV. If the 
direction of an unscattered y-ray is the vector OB (the 
initial incidence position is position B) , the energy of 
a scattered y-ray is 100 keV. In other words, when the 
initial incidence position of an unscattered y-ray is 
position A, the direction of a scattered y-ray is the 
vector AB. If the initial incidence position is position 
B, the direction of a scattered y-ray is the vector BA. 
The unscattered y-ray energy is equal to the sum of both 
energy attenuations, that is 411 + 100 = 511 keV, no 
matter whether initial incidence occurs at position A or 
position B. The above energy attenuation values depend 
on the pulse height of a pulse signal output from a y-ray 
discriminator 8. It can therefore be said that the 
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energy attenuation values are detected by the associated 
Y-ray discriminators 8. 

In Embodiment 6, the coincidence counter 9A 
performs processing steps 92 through 97 shown in FIG. 22 
to determine the positions and directions of y-ray initial 
incidence, using the energy attenuation values detected 
in relation to the above y-rays and the positional 
information about radiation detectors 4 on which such y- 
rays are incident. The positional information about 
radiation detectors 4 that output y-ray detection signals 
is converted to a pulse signal by the y-ray discriminators 
8 provided for the radiation detectors 4 and conveyed to 
the coincidence counter 9A. In step 92, the coincidence 
counter 9A first determines a radiation detector 
candidate that generated a scattered y-ray. When three or 
more pulse signals are entered during the aforementioned 
preselected period of time, the coincidence counter 9A 
checks three or more radiation detectors 4 that output y- 
ray detection signals, which have caused the generation 
of the pulse signals, and then determines a radiation 
detector that has generated a scattered y-ray. This 
determination is made in accordance with the distance 
between the associated radiation detectors 4. In other 
words, radiation detectors 4 positioned at a spacing 
interval shorter than preselected are the radiation 
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detectors 4 that have generated scattered Y~rays. Since 
the scattered y-ray transmission distance is short, 
suppose that the distance setting is 5 cm. In the 
example shown in FIG. 19, in which Y~ ra Y detection signals 
are output within a preselected period of time by- 
radiation detectors 4f , 4g, and 4h, if the distance 
between 1 the radiation detectors 4g and 4h is 5 cm or 
shorter, scattered y-rays are generated by either the 
radiation detector 4g or the radiation detector 4h. The 
radiation detectors 4g and 4h are determined as radiation 
detector candidates that have generated scattered Y~ ra Y s • 
Therefore, the coincidence counter 9A recognizes that an 

unscattered y-ray is detected by the remaining radiation 
detector 4f . 

In step 93, which is performed after the 
radiation detectors 4g and 4h are designated as radiation 
detector candidates that have generated scattered Y~ ra Y s * 
the scatter angle (angle formed by the vectors OA and AB) 
prevailing when the radiation detector 4g, that is, 
position A is the initial incidence position is 
calculated. In step 94, the scatter angle (angle formed 
by the vectors OB and BA) prevailing when radiation 
detector 4h, that is, position B is the initial incidence 
position is calculated. In this instance, the angle 6, 
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which is formed by the vectors OA and AB, can be 
calculated as indicated below: 



0 = Cos loA-AB 



OA 



lAB'J— (3) 



The next step, which is step 95, is performed to 
calculate the unscattered Y~ ra Y incidence energy and 
scattered Y~ ra Y energy. More specifically, the 
coincidence counter 9 calculates the y-ray energy 
attenuations in the radiation detectors 4g and 4h in 
accordance with the pulse heights of pulse signals 
generated due to individual Y~ ra Y detection signal outputs 
from the radiation detectors. The energy attenuation of 
a Y" ra Y incident on radiation detector 4f in the initial 
incidence position is calculated to be 511 keV according 
to the pulse height of the associated pulse signal. 
Further, the energy attenuation of a Y~ ra Y incident on the 
radiation detector 4g is calculated to be 100 keV 
according to the pulse height of the associated pulse 
signal. In like manner, the energy attenuation of a Y" ra Y 
incident on radiation detector 4h is calculated to be 411 
keV. A scattered y-ray is generated by the radiation 
detector 4g or 4h. An unscattered Y~ ra Y is detected by 
the radiation detector 4g or 4h, whichever did not 
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generate the scattered y-ray. The energy of unseat tered 
y-ray incidence is the sum of energy attenuations in the 
radiation detectors 4g and 4h and calculated to be 511 
keV. 

Next, the scattered y-ray energy is calculated on 
the presumption that scattered y-rays are generated in 
both of the radiation detectors 4g and 4h. When a 
scattered y-ray is generated in the radiation detector 4g, 
the energy of that scattered y-ray is 411 keV (= 511 keV - 
100 keV) . In this instance, the scattered y-ray 
eventually attenuates in the radiation detector 4h. When 
a scattered y-ray is generated in the radiation detector 
4h, the energy of that scattered y-ray is 100 keV (= 511 
keV - 411 keV) . In this instance, the scattered y-ray 
eventually attenuates in the radiation detector 4f . If, 
for instance, the calculated energy of an unscattered y- 
ray is considerably lower than 511 keV (e.g., below 350 
keV), such a ray is excluded because it is conceivable 
that it was previously scattered within the body of the 
medical examinee 17. 

When the initial incidence position is either 
position A or position B, steps 93 through 95 are 
performed to calculate the incident y-ray energy, 
scattered y-ray energy, and scatter angle. Step 96 is 
performed to determine what attenuation sequence 
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(scattering sequence) is appropriate by checking whether 
the calculated relationship among incidence Y~ ra Y energy, 
scattered y-rey energy, and scatter angle agrees with the 
relationship indicated in FIG. 21. If, for instance, a 
scatter angle comparison is to be made, the incident Y"* ra Y 
energy and scattered y-ray energy indicated in FIG. 21 are 
used to 1 calculate an ideal scatter angle and determine 
the deviation of the actual scatter angle from the ideal 
one. An appropriate threshold value (e.g., for 
tolerating a deviation of up to 10%) is set for the 
relationship between calculation results and FIG. 21. 
When the threshold value is not exceeded by the deviation, 
it is concluded that an expected phenomenon can occur 
(the attenuation sequence is proper). When it is 
concluded that one of two or more phenomena (two 
phenomena in the currently used example) can occur, such 
a phenomenon is selected. (Cases where it is concluded 
that two or more phenomena can occur will be explained 
later.) As a result, the Initial incidence positions of 
paired y-rays are determined. Finally, step 91 is 
performed to output a PET image data signal, which 
contains the information about the initial incidence 

positions of unscattered paired y- ra Y s an d the straight 
line (direction of initial incidence) joining these 
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positions, to the computer 11. The procedure is now 
completed. 

As described earlier, the computer 11 stores a 
large number of PET image data, which is entered in the 
above manner, into the storage device 12, reconstructs 
them to formulate a PET image, and displays it on the 
display' device 130 . 

If it concluded after the above procedure is 
performed in cases where three or more detection signals 
are counted that the initial incidence position can be 
either position A or position B, an alternative is to 
remove the associated y-ray detection signals or select an 
attenuation sequence so as to minimize the deviation from 
the relationship indicated in FIG. 21. In the above- 
described situation, one of paired Y"* ra Y s is attenuated 
(subjected to two attenuations) by two radiation 
detectors 4 (this example is simple because either of two 
different attenuation sequences is to be selected) . 
However, it is also possible to determine a proper 
attenuation sequence by performing the above-described 
procedure for all possible patterns, including the one in 
which generated paired y-rays are both scattered a number 
of times within the radiation detectors 4 . Another 
alternative is to define the positional relationship 
between the radiation detectors 4 that cannot physically 
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be subjected to coincidence counting due to the layout of 
the radiation detectors 4 , and remove a pulse signal that 
corresponds to the defined positional relationship. 

Meanwhile, if two Y~ ra Y detection signals are 
simultaneously counted, the coincidence counter 9A 
concludes that they relate to paired Y~ r ays, and outputs 
the positional Information about radiation detectors 4 
that detected such rays and the PET image data including 
the information about the direction of a straight line 
joining such radiation detectors to the computer 11. 
Alternatively, a different configuration may be used to 
achieve y-ray detection signal removal when only one y-ray 
detection signal is counted. In another alternative 
configuration, a data signal containing the information 
about the direction of a straight line joining the 
radiation detector 4 that achieved y-ray detection to an 
opposing radiation detector, which is positioned 180° 
apart, may be output to the computer 11 in a manner 
similar to a conventional one. 

Embodiment 6 provides the following advantages in 
addition to advantages (1) through (13) of Embodiment 3. 

(14) PET image accuracy enhancement 

Embodiment 6 makes it possible to effectively 
determine the positions and directions of paired y-ray 
initial incidence by performing a predetermined procedure 
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indicated in FIG. 22. As a result, highly reliable data 
can be output to the computer 11 to enhance the PET image 
accuracy. Although I8 FDG is used as a PET pharmaceutical 
for the explanation of Embodiment 6, the aforementioned 
processing procedure for determining the positions and 
directions of y-ray initial incidence is also applicable 
to cases where the employed PET pharmaceutical contains 
the other radionuclides . 

(15) PET image accuracy enhancement 

In Embodiment 6 , the positional information about 

radiation detectors that have detected a Y~ ra Y an <i the 
positional information about radiation detectors that 
have detected the other Y~ ra Y are used to set up possible 
attenuation sequences of the former Y~ ra Y* These Y~ ra Y 
attenuation sequences are examined to select an 
appropriate one, which exhibits a proper relationship 
between the Y~ ra Y scatter angle and energy detection value. 
In this manner, the Y~ ra Y attenuation sequence is 
determined. As a result, the position of initial Y~ ra Y 
incidence on a radiation detector is determined. It can 

therefore be concluded that a Y~ ra Y generation source 
(diseased area) exists on a straight line (direction of 
initial incidence) joining the determined radiation 
detector to a radiation detector that detected the other 
Y-ray. Unlike probabilistic determination of initial Y" 
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ray Incidence position, unscattered Y -ra Y s can be 
determined with high efficiency to generate a highly 
accurate PET image. 

In particular, when the Y~ ra Y detection signals of 
three or more radiation detectors are simultaneously 
counted. Embodiment 6 uses the positional information 
about the three or more Y~ ra Y detection signals to set up 
possible Y~ ra Y attenuation sequences, and selects an 
appropriate sequence that exhibits a proper relationship 
to energy detection values from the three or more 
radiation detectors . The initial Y" ra Y incidence position 
determined in this manner and the above energy detection 
value data can then be used to determine the direction of 
initial Y~ ra Y incidence. Unlike probabilistic 
determination of initial Y" ra Y incidence position, 
unscattered Y~ ra Y s can *> e determined with high efficiency 
to generate a highly accurate PET image . 

(16) Incorporation of X-ray CT examination and 
PET examination functions 

In the past, an image pickup device for detecting 
transmitted X-rays was generally installed independently 
of an image pickup device for detecting Y" ra Y s « However, 
Embodiment 6 uses the same radiation detectors 4 to 
detect X-rays and Y~ ra YS. Therefore, the aforementioned 
image pickup device 2 can provide both X-ray CT 
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examination and PET examination although it has a simple, 
compact structure . 
Embodiment 7 

A radiological imaging apparatus of another 
embodiment (Embodiment 7) of the present invention will 
be described with reference to FIGS. 23 and 24. The 
radiological imaging apparatus ID of Embodiment 7 is a 
two-dimensional measurement type radiological imaging 
apparatus. Embodiment 7 determines the Y~ ra Y attenuation 
sequence from the energies and scatter angles of 
unscattered Y" ra Y s and scattered Y~ ra Y s ' and provides a 
detection efficiency improvement over single Y~ ra Y 
detection by a two-dimensional measurement type 
radiological imaging apparatus. In two-dimensional 
measurements, the apparatus uses a collimator to remove 
rays that are initially incident at a certain angle on 
the direction of the radiation detector body axis 
(equivalent to the axial direction of the aforementioned 
through-hole 6), and detects only Y~ ra Y s that are 
initially incident perpendicularly to the direction of 
the body axis. Two-dimensional measurements, in which y~ 
rays incident at a certain angle are removed, generally 
decrease the Y" ra Y P a ir count per unit time, but offer an 
advantage that the influence of scattered Y~ ra Y s can be 
minimized. 
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The radiological imaging apparatus ID has the 
same configuration as the radiological imaging apparatus 
1C, except that an image pickup device 2D of the 
radiological imaging apparatus Id includes a collimator 
98. The collimator 98 is mounted on a detector support 
plate 5 and positioned in front of (inner circular side 
of) radiation detectors 4 in the innermost detector row 
4X (see FIG. 18) • 

For PET examination, X-ray CT examination, and 
synthesized tomogram data creation, the radiological 
imaging apparatus ID uses the procedures as the 
radiological imaging apparatus 1C. However, the process 
performed by the radiological imaging apparatus ID for 
determining the positions and directions of Initial Y~ ra Y 
Incidence is different from that which is performed by 
the radiological imaging apparatus 1C. Embodiment 7 
determines the Y-ray attenuation sequence when Y~ ra Y s 
incident radiation detectors 4 after passing through the 
collimator 98 are scattered three or more times within a 
radiation detector 4. For the sake of brevity. 
Embodiment 7 is described here on the presumption that y~ 
rays incident on radiation detectors 4 totally attenuate 
in radiation detectors 4i, 4j, and 4k in an arbitrary 
order as Indicated in FIG. 24. However, the positions of 
the radiation detectors 41, 4j, and 4k are regarded as 
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positions A # B, and C, respectively, and the energies 
attenuated at positions A, B, and C are regarded as E A , E B , 
and E c , respectively. For the sake of convenience, the 
drawings depicting Embodiment 7 are prepared on the 
presumption that positions A, B, and C are in the same 
plane. However, the following description of Embodiment 
7 is also applicable to cases where positions A, B, and C 
are not in the same plane as indicated in FIG. 24. 

From FIG. 24, six different attenuation sequences 
are conceivable: <D B A -» C, ® C A B, ® A -* B 
C, © C -» B A, ® A C B. and © B — * C — * A. 
Further, since total attenuation occurs at positions A, B, 
and C, the y ra Y energy prevailing at the time of initial 
incidence (total energy E) is E A + E B + E c . Therefore, 
the energy of scattered Y~ ra Y incident on the second 
attenuation position is determined by subtracting the 
first energy attenuation (E A , E B , or E c ) from the total 
energy E. The energy of the Y~ ra Y scattered at the second 
position is the energy of scattered Y~ ra Y incident on the 
third attenuation position (E A , E B , or E c ) . 

Therefore, the scattered Y~ ra y scatter angel at 
the second attenuation position and the incoming energy 
and outgoing energy as viewed from the second attenuation 
position are calculated with respect the above-mentioned 
six different attenuation sequences. The obtained 
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results are then compared with the relationship indicated 
in FIG. 7 to check the six different attenuation 
sequences to determine a proper attenuation sequence that 
can occur in reality. 

Next, the scatter angle at the initial incidence 
position is determined in accordance with the attenuation 
sequence determined in this manner. If, for instance, 
the attenuation sequence (D(A B — * C) is found to be 
proper as a result of the check of the six different 
attenuation sequences, the incidence energy prevailing at 
the first attenuation position A is E A + E B + E c , and the 
outgoing energy is E B + E c . When these energy values 
compared with the relationship indicated in FIG. 21, the 
scatter angle prevailing at position A is identified. 
When considering the fact that only y-rays perpendicular 
to the direction of the body axis are incident on the 
radiation detectors 4 in a two-dimensional measurement 
PET examination, it is concluded that the direction of 
initial Y~ ra Y incidence is indicated by arrow 99a or 99b 
in FIG. 24. As is obvious from FIG. 24, the existence 
range of a y-ray generation source does not physically 
allow the arrow 99b to represent the direction of initial 
y-ray incidence. Therefore, it is uniquely concluded that 
the Y~ ra Y s are initially incident on the radiation 
detector 4g (initial incidence position) and that the 
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initial incidence direction is as indicated by the arrow 
99a. 

If no more than two y-ray detection signals were 
simultaneously counted (that is, if the attenuation in 
radiation detectors did not occur more than two times), 
the associated data is removed and not used. An 
alternative is to determine the first attenuation 
position on the presumption that uniform incidence occurs 
from the range of radiation source existence. 

Embodiment 7 uses a coincidence counter 9A to 
determine the positions and directions of initial y-ray 
Incidence. As described earlier, a Y- ra Y discriminator 8 
converts a Y~ ra Y detection signal having an energy value 
not less than a predefined threshold value to a pulse 
signal, and outputs it to the coincidence counter 9A. In 
this Instance, not only the pulse signal but also the 
positional information about a radiation detector 4 whose 

y-ray detection signal is detected is output to the 
coincidence counter 9A. The coincidence counter 9A 
determines the position and direction of Y~ ra Y initial 
incidence in accordance with the pulse signal input from 
the Y~ ra Y discriminator 8, and outputs a PET image data 
signal, which contains the information about the position 
and direction of Y* ra Y initial incidence, to the computer 
11. When three or more pulse signals are simultaneously 
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counted. Embodiment 7 causes the coincidence counter 9A 
to perform the above procedure for determining the 
position and direction of initial incidence. In the 
other situations, however, the coincidence counter 9A 
performs the following procedures depending on the 
encountered situation . 

FIG. 25 shows typical input and output signals of 
the coincidence counter 9A. The numbers parenthesized in 
FIG. 25 indicate the number of signal inputs or outputs. 
If, for instance, the position and direction of Y" ra Y 
initial incidence are determined from an input pulse 
signal as in a case i, v, or vi shown in FIG. 25, the 
coincidence counter 9A outputs a PET image data signal, 
which contains the information about the determined 
position and direction of initial incidence, to the 
computer 11. If, for instance, there is no pulse signal 
input (case i) , one totally-attenuated v r ay pulse signal 
is entered (case 11), or three pulse signals, which 
cannot possibly be generated from the same source due to 
the layout of radiation detectors 4, are counted (case 
vii), the coincidence counter 9A remove the pulse 
signal(s) and does not output a PET image data signal. 
If two totally-attenuated y-ra.y pulse signals are counted 
(case iv) , the coincidence counter 9A outputs a data 
signal, which contains the positional information about 
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radiation detectors 4 whose signals are detected and a 
straight line joining these radiation detectors, to the 
computer 11 . 

As is the case with Embodiment 6, the computer 11 
stores the input PET image data signal in the storage 

device 12. The count data for the aforementioned y~ ra Y 
detection signals are also stored into the storage device 
12 by the computer 11. If three or more signals are 
counted (case vii) and the direction of incidence is 
known, the data for that direction may be output. The 
data obtained in this manner is reconstructed by the 
computer 11 and displayed on the display device 130. 

Embodiment 7 provides some advantages in addition 
to the advantages of Embodiment 6 . When either or both 
of paired Y~ ra Y s are scattered. Embodiment 6 determines 
the attenuation sequence of a targeted unscattered Y~ ra Y 
in accordance with the detection signal for the remaining 
unscattered Y-** a Y- However, Embodiment 7 can consider the 
scatter status of a paired y-ray and determine the initial 
incidence position and direction (that is, initial 
incidence direction) of an unscattered y-ray during a two- 
dimensional measurement PET examination even when the 
remaining paired Y~ ra Y is totally attenuated (absorbed) 
within the body of a medical examinee. In this manner, 
Embodiment 7 can collect the data about unscattered Y" ra Y s 
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with high efficiency and increase the PET image accuracy. 
As a result, the count per unit time of two-dimensional 
measurement PET examination increases, making it possible 
to reduce the examination time. It can also be expected 
that this advantage will reduce the load on a medical 
examinee 17 and increase the throughput of the number of 
medical examinees . If the incidence of each of paired y- 
rays is verified, the scattered y- ra Y attenuation sequence 
determination procedure performed for Embodiment 6 is 
also applicable to a two-dimensional measurement type PET 
examination apparatus described according to Embodiment 7 . 

In an X-ray CT image creation example that is 
described according to Embodiments 6 and 7, the arm 38 is 
sequentially extended and contracted to create tomograms 
of various cross sections of a medical examinee 17. 
However, when the X-ray source 60 is rotated 
simultaneously with the extension/contraction of the arm 
38, Embodiments 6 and 7 are applicable to an X-ray 
helical scan as well. Further, an alternative 
configuration may be employed so that the bed 16 moves in 
the axial direction of the through-hole 6 instead of the 
extension/contraction of the arm 38. 

The above PET/X-ray examination procedure may be 
performed in relation to the entire body of a medical 
examinee 17 or in relation to the neighborhood of the 
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medical examinee's diseased area roughly located 
beforehand by another examination. In some situations, 
the examination may be conducted without administering a 
PET pharmaceutical to the medical examinee 17 in advance 
but administering the PET pharmaceutical to the medical 
examinee 17 laid on the bed 16, or conducted while 
administering the PET pharmaceutical to the medical 
examinee 17. An alternative configuration, which is not 
specifically described with reference to the above first 
and second embodiments, may be employed so that the 
radiological imaging apparatus 1C, ID is provided with a 
separate calibrated radiation source to perform 
transmission imaging. These alternative embodiments also 
provide the same advantages. 

In Embodiments 6 and 7 , a predetermined procedure 
is followed so that the coincidence counter 9A determines 
the y-ray attenuation sequence, initial incidence position, 
and initial incidence direction. Alternatively, however, 
a separate circuit performing this process may be 
furnished to complete the process at high speed. Another 
alternative scheme may be used so that a coincidence 
counter circuit merely selects simultaneous events, 
allowing the software to carry out the subsequent 
processing steps. That is, when, for instance, three 
signals are entered, the coincidence counter 9A sends 
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information, which contains the data for indicating that 
the three signals are coincident, to the computer 11, and 
the computer 11 performs a predetermined procedure to 
determine the attenuation sequence, initial incidence 
position, and initial incidence direction. Even if each 
radiation detector is provided with a storage area, the y~ 
ray Incidence time and the Y~ ra Y energy attenuation in a 
radiation detector are written in such an area, and the 
computer 11 reads the written data to check for 
coincidence, the computer 11 can determine the 
attenuation sequence, initial incidence position, and 
initial incidence direction by performing a predetermined 
procedure. In this instance, also the same advantages 
are obtained. 

In Embodiments 6 and 7, the incidence scatter 

angle can be determined even if one of paired Y _ra Y is 
scattered in a radiation detector and the remaining 
paired Y~ ra Y is n °t detected by a radiation detector. If 
it is known that the Y~ ra Y s are emitted from a certain 
area (e.g., from within a plane), the above property can 
be used to determine which of the areas into which the y~ 
rays can enter is the source of generation. These data 
can be effectively used to raise the detection efficiency 
of radiation detectors and reduce the load on patients. 
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In Embodiments 6 and 7, the radiation detectors 4 
in multiple layers are linearly arranged in the radial 
direction with the innermost ones regarded as the base 
points as shown in FIGS. 19 and 24. Alternatively, 
however, the radiation detectors 4 may be zigzagged in 
the direction of the radius . Although the above 
descriptions deal with a PET examination in which emitted 
paired y-rays are to be detected, it is also possible that 
a- and y-rays or p- and Y~ ra Y s may be paired when emitted. 
In these instances, the above-described attenuation 
sequence determination procedure works because Y~ ra Y s ma Y 
scatter multiple times although the a- and 0-rays have a 
low penetrating power. Although the above descriptions 
deal with cases where the coincidence counter 9A 
determines the positions of y-ray initial incidence, it is 
alternatively possible that the position, energy 
detection value, and detection time data about the 
radiation detectors 4 may be output to the computer 11 to 
allow the computer 11 to perform the above -described 
processing procedure. In all the above cases, also the 
same advantages are obtained. 



